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The Univebsity of Minnesota, ) 
Minneapolis, Minn., April 1, 1885. 3 

To the President of the University j 

Deab Sib: I have the honor to present herewith the thir- 
teenth annual report on the geological and natural history survey. 
Accompanying this is a copy of the second annual report for 
reprint, as that report is constantly requested by librarians and 
geologists who desire to complete their series, and has been out 
of print for several years. 

Very respectfully, your obedient servant, 

N. H. WiNOHELL, 

State geologist and curator of the general museum. 
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REPORT. 



I. 

SUMMARY STATEMENT. 



An edition of six hundred copies of the first volume of the 
final report of the survey was bound and distributed prior to De- 
cember 1st. If the number bound and ready for distribution had 
been much larger the edition would have been exhausted im- 
mediately. The distribution was made in accordance with the 
instructions of the secretary of state, as expressed in the follow- 
ing circular, but the number of copies was not large enough to 
supply all the libraries and institutions contemplated by the 
instructions: 

BULES OF THE SEOBETABY OF STATE FOB THE DI8TBIBUTION OF 

THE FINiX BEPOBT OF THE GEOLOGIOAL AND NATUBAL 

HI8TOBY SUBVEY OF MINNESOTA. 

In February, 1881, a bill was introduced in the state senate by 
Hon. J. B. Gilfillan, which had sundry provisions concerning 
the printing and distribution of the volumes of the final report 
of the state geologist on the geological and natural history sur- 
vey of the state. Although this bill passed the senate it was 
lost in the house in the last days of the session, from lack of 
time. It is presumed that had it came to a vote in the house it 
would have passed, as it was approved unanimously by the sen- 
ate. It has therefore been adopted and followed as far as i>os- 
sible, in the publication of the first volume of the survey, and 
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will be in the future, unless the legisla4}ure orders otherwise. 
. Section four of this bill reads as follows: 

^'Seo. 4. The volumes of the final report of said survey, as 
they may be prepared by the state geologist from time to time, 
shall be issued in an edition of five thousand copies each, and 
shall be distributed in the name of the board of regents of 
the University, under the direction of the state geologist, to 
scientific and educational institutions, and to individuals as fol- 
lows: 

''To the library of each chartered college and scientific insti- 
tution in Minnesota, three copies each; to each normal school, 
three copies; to the libraries oi the institute for the deaf and 
mute, the insane asylums, the state prison, and every public li- 
brary in the state, not otherwise designated, one copy each; to 
each county auditor for the use of the county, one copy; to each 
of the offices in the capitol, one copy; to each member of the 
board of r^ents, three copies; to the Historical Society, and to 
the Minnesota Academy of Sciences, ten copies each; to each 
newspaper published in the state, one copy; to each senator and 
representative of the present Legislature, one copy; to the gov- 
ernor and lieutenant governor, each one copy; to each assistant 
on the survey, who has furnished manuscript or illustrations 
published in the report, three copies; to pther scientists in Min- 
nesota, fifty copies; to the general office of each railroad that has 
ftimished aid to the survey, three copies; to the library of each 
high school, furnishing students fitted for the fireshman class of 
the State University, one copy; to the state library of each 
state in the Union, one copy; to each state university and col- 
lege of agriculture and mechanic arts, one copy; to the geolo- 
gists and naturalists of other states, two hundred copies; to the 
library of the University of Minnesota, two hundred copies; to 
other colleges and scientific institutions in the United States, 
one hundred copies; to foreign institutions and scientists, one 
hundred copies; and to the state geologist, twenty-five copies. 
The remainder shall be deposited in the State University, and 
shall be sold at such prices as the board of regents may deter- 
mine; and the proceeds of such sales shall be used by said re- 
gents for the purchase of apparatus and books for the survey, 
and after its completion, for the departments of natural science 
at the State University." 

The only departures from the foregoing, ordered by the secre- 
tary of state, consist in the delivery of two hundred copies to 
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the secretary of state, for distribution to the offices of foreign 
eonsnls, and the transmission of the proceeds of all sales to the 
state treasurer at St. Paul. 

The copies remaining after this distribution will be sold at 
five dollars per copy for the best style, (tinted paper, half roan 
binding,) and three and a half dollars for the common style, 
bound in cloth, according to the direction of the executive com- 
mittee of the board of regents, approved by the secretary of 
state. 
All correspondence should be addressed to 

N. EL WINCHELL, 

State geologist, 

Minneapolis, Minn. 

Unless the Legislature orders otherwise it is probable that the 
rest of the edition, when bound, will be disposed of according to 
this plan. 

From the last week in September to the end of the year the 
time and energy of the survey was given almost entirely to the 
work of preparing a suitable exhibit at the World's Cotton and 
Industrial Exposition at New Orleans. A portion of the accom- 
panying report consists of a description of that exhibit, as pre- 
X>ared, with the permission of the board of regents, under the 
direction, and mainly at the expense of the Minnesota State 
Board of Collective Ebdiibits. From December 1st till January 
llthj I was in New Orleans, occupied with the installation of this 
exhibit. Mr. Upham was also absent on the same work from 
December 1st till Christmas, and my son H. V. Winchell, who 
had been casually and temporarily occupied throughout the sum- 
mer in laboratory and office work of the survey, and continually 
through the &I1 on the New Orleans exhibit, was left as perma- 
nent custodian of the property. The aggregate value of the ar- 
ticles belonging to this portion of the Minnesota exhibit is about 
six thousand dollars, as estimated for the placing of insurance. 

Mr. C. L. Herrick who was at work on the mammals of the 
state, and had spent about a year in making original observations 
thereon, was appointed to a position on the faculty of Denison 
University, in the state of Ohio, and was released during the 
fall, and till January 1, 1885, to discharge those duties. He has 
now, however, resumed work, and will render his final report 
on this branch of the natural history of the state before the 
close of the year 1885. 
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Dr. P. L. Hatch's report on ornithology has not yet been 
tendered, but it is expected that it will be ready for publication 
in the early part of the present year. 

In order to complete the publication of material already on 
hand, relating to the geology proper, provision ought to be 
made, during the legislative session of 1885, for the printing of 
another volume. This would be largely devoted to a belt of 
counties in the central portion of the state, and would be of 
scope and plan similar to volume one. 

At the World's Industrial and Cotton Centennial Exposition, 
now being held at New Orleans, the State of Minnesota for the 
first time publicly exhibits two new products of her natural 
resources — salt and iron. 

The brine derived from the well at Humbolt, in Kittson county, 
is an augury of what may be in the future. The brine which 
overflows at the surface has more than the average per cent of 
chloride of sodium found in the Michigan brines, while the total 
solid matter in solution (including chloride of sodium) is only 
from one-third to one-half as much. The probable geological 
formation from which this brine issues and the conditions of 
future successful exploration, are given in the accompanying 
rei)ort. I have to acknowledge the generous assistance of Mr. 
Valentine, owner of the well, for valuable information and for n 
series of the drillings from the well. 

The year 1884 has witnessed a very extensive and important 
opening of the iron mines at Vermilion lake. Mr. (Jeorge C. 
Stone, of St. Paul, general manager for the Minnesota Iron Com- 
pany, has given every facility for the Examination of the mines, 
and has supplied information and statistics embraced in the 
chapter on the Vermilion iron ores. Specimens illustrating the 
ores of the various mines at Vermilion lake are on exhibition at 
New Orleans, aggr^ating in weight about 2,500 pounds. Sixty - 
two thousand tons were shipped from the mines in the latter part 
of the season, delivered at Cleveland, Pittsburg and other lower 
lake x>orts. This ore ranks well, so far as assays made at the 
mines indicate, with the ores of the best quality from Michigan. 
It is believed to be derived from rocks of the same geological 
horizon as the ores from Marquette and Menominee. 

The importance of this development to the state of Minne- 
sota can hardly be overestimated. This is the most west-erly 
point at which the ores of this geological horizon are known to 
exist. They should not be carried east for smelting and manu- 
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fJEtcture, but Bhonld be reduced where they are mined. Their 
market will for the present be in the east, but their ultimate 
consumption will be in the west where the settlement and rapid 
development of the country demand iron for all the appliances 
into which iron enters. The freightage of the manufactured 
products directly from Minnesota to supply this western demand 
will ultimately be seen to be so much cheax>er than the carriage 
of the ores east and the manufactured articles again west, that 
the ways and means for avoiding this double freightage will be 
sought and found by the shrewd capitalists of the state. Such 
articles would compete successfully, in the western markets, with 
those of eastern manufekcture. The coal of Iowa or Illinois 
would have to take the place of that of Pennsylvania, unless 
charcoal could be substituted. 
2 
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n. 
RECONNAISSANCES. 



(a). Notes of a reeotmaissance into Pope county, May, 1884. 

This trip of observation was made at the instanoe and solici- 
tation of Mr. G. Tharaldson, of Langhei. 

The drift. Along the new railroad extending northwestwardly 
from Minneapolis to St. Cloud are various new and interesting 
exi)osures of the drift deposits, which deserve a careful inspec- 
tion. They exhibit the relations of the gray and red tills, the 
gray overlying the red and finally prevailing entirely. There 
are also gravel deposits, and patches of laminated clay. North- 
west of this moraine the surface is flat. At once this flat tract 
is seen to consist of gravel derived from the gray till, containing 
Cretaceous bits. At Bodgers Siding the country is timbered, 
and undulating, the till being gray, and very fine. 

At the crossing of Crow river the gray till becomes converted 
into and overlain by a pebbly clay, and then by a finer loess, 
which last shows ten to fifteen feet in thickness at the first (outer) 
cuts. There is some gravel and sand considerably tinted with 
red, indicating the proximity of red till deposits. At a few 
points a red till is seen at the lower levels. After crossing the 
river the country is timbered and rolling for about two miles^ 
but the surface consists of this loess, or fine silt without boul- 
ders. It then becomes flat or undulating, and the soil rather 
sandy, though probably a till, and occasionally is red, but mainly 
gray — especially gray in the upward swells and ridges that are 
cut by the grade. 

Monticello is on a gravel plain but few feet above the river,, 
which is apparently analogous to, if not identical with that on 
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which St. Cloud is situated, though at the latter point it is ap- 
parently about two miles in width. 

Bed granite is to be seen near the railroad bridge over the 
Sauk river, near St. Cloud. On crossing the river the grade as- 
cends, apparently, to a higher flat than the St. Cloud flat, which 
likewise consists of gravel — at least there is no bluff on the east 
side, but the road runs from the plain directly on to the bridge 
which is about fifteen feet above the water, while on the west 
side it enters cuts in gravel blofRs about fifteen feet higher than 
the grade. With some undulations this gravelly flat continues 
to St. Joseph, the railroad cuts only showing gravel. 

West from St. Joseph the surface becomes broken and rolling, 
yet consists of gravel. This gravel, however, in the distance of 
about a mile from Watab creek, in the direction of the railroad, 
gives place to a red till, even morainic till on the east side, and 
then also on the west side. This is the condition of the surface 
at Collegeville. This red till becomes yellowish, verging toward 
gray, interspersed with tamarack swamps. As a red till, however, 
it apparently continues to Avon, and to Albany, but with vari- 
ations to a yellowish color. Just west of Albany a characteris- 
tic gray till appears, lying over the red, but is rather pebbly 
instead of stony, and the surface becomes smooth or gently un- 
dulating, and continues so to Freeport. At Melrose this gray 
till is covered by a loess loam, due apparently, to the former 
action of Sauk river in the valley of which Melrose is situated. 
At the crossing of Sauk river, west of Melrose, the bluff cut con- 
sists of gray till, 15 feet. 

At Sauk Centre, on the diorite rock, situated about half a 
mile southeast from the railroad station, the glaciation runs 42® 
east of south (true meridian). 

Crystalline rocks at Sauk Centre. This is a dark si)eckled rock 
consisting almost entirely of hornblende and feldspar, the rela- 
tions of which to the red granite lying adjacent, are hid by drift. 
The red granite is about 20 feet distant (north) from the dioryte. 
The dioryte resembles that at *^the point," at Little Falls, in 
having, over part of its upper surface, where planed by glacia- 
tion, the alternating lines of predominating feldspar with pre- 
dominating hornblende, causing an appearance as of lamination, 
or at least a coarse gneissic structure. Except this, and some 
jointage planes, it is homogeneous and massive, and is exposed 
over an area of about a square i-od. At several places, extend- 
ing for forty rods further southeast, on land of Mr. Oates, this 



Digitized by VjOOQIC 



12 THIBTEENTH ANNUAL BEPORT. 

dioryte is found in ontcrop, and has been quarried. It is here 
a jointed, angular, firm rock, the same as at the point on Mr. 
Carl's land, described. It shows milky-opaque quartz, visible to 
the unaided eye, though no quartz can be thus discerned in it at 
Mr. Carl' s. It disi ntegrates more rapidly than the granite. While 
it appears, in bulk, massive, it has frequent joints running in all 
directions, flEM^ilitating the rude methods of quarrying that have 
been pursued. The outward aspect of the general surface is 
much like that of some disintegrated portions of the Duluth 
gabbro range. 

The adjacent red granite, which might be called gneiss, has 
about ten times as much area of exposed surfeice as the forego- 
ing. It encloses bands and patches of mica schist. It has an 
abundance of evident quartz, and some of the oithoclase crystals 
are two and a half inches in diameter, especially when, somewhat 
in the manner of veins, the red granite interpenetrates and cuts 
across, the schists. Sometimes it runs in vanishing narrow 
seams coincident with the schistose direction, and sometimes it 
cuts boldly across it, the schists then having apparently an angu- 
lar, fractured termination. This mica schist is firm, quartzose, 
and occasionally green as if with epidote, and would, in many 
places, properly be styled a gneiss. Its structure runs 60° east 
of north (true mer.), and is nearly vertical, but in some cases is 
at a small angle (two or three degrees) with a perpendicular, the 
dip being toward the south. At another point this structure, 
which stands about vertical, runs north, 88° east (true mer.). It 
is here disturbed by a network of veins of the red granite, and 
becomes exceedingly firm and dark colored, being really a dark 
gneiss. In the most of this mica schist hornblende is more abund- 
ant than mica, the former constituting the bulk of the dark in- 
gredient, and the latter appearing at the planes of easy separa- 
tion. 



fS^ 



It is only in the southern part of this red granite that it has 
any involved dark schists or gneiss, and the nearest part is 
twenty feet from the foregoing dioryte. If there be a superposi- 
tion, as indicated by the slope of the upper surfaces, the dioryte 
lies under the granite. (See figure 1.) 
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No. 858. Average sample of the red granite. 

No. 859. Average sample of the hard, dark schist, or gneise. 

No. 860. A simple of the schist showing considerable mica. 

No. 861. Average sample of the massive dioryte. 

At another small area of exposed red granite about thirty rods 
farther northwest, the enclosed area of schist strikes east and 
west, and dips toward the soath, at an angle of aboat 15° from 
a perpendicular. Here also the general slope of the outcrop is 
a glaciated dome with a gentle slope toward the north-north- 
east, and a steep one west-southwest, rising about two and a half 
feet. At several places in the village, and especially on the land 
of Mr. Carl, the rock is found but few feet under the surfiwje. 

Mr. Carl sells stone at one dollar per cord, and lets the quarry 
to parties who work it. They sell for eight or ten dollars per 
cord. 

Flouring miUs at Sauk Centre, The McClure Roller Mills are 
owned by the McClure estate, and are run by water power in 
Sauk river. The fall is 11 J feet, aided by a dam w:hich sets 
water back several miles. The mills have two Kindelberger 
wheels, of 48 and 35 inches diameter, producing respectively 
about 68 and 40 horse power. There are six sets of corrugated 
(Noye) rollers, and three sets of smooth rolls, with two stone 
buhrs for flour; the capacity of the mills being 175 barrels in 
24 hours. 

Artificial mounds, Near the county line between Stearns and 
Pope counties, along the valley of Ashley creek, are a great 
many artificial mounds of earth. They are on the north side of 
the railroad accompanying a marshy tract. The railroad passes 
up an old valley of glacial drainage, abundantly strewn with 
gravel, and these mounds are frequent along this valley. Near 
a school house in the valley granite outcroi)8 are visible. This 
is a short distance east of Westport, and where Ashley creek 
receives a tributary from the south. There is another more re- 
markable mound situated at the point where the railroad passes 
between lakes Amelia and Turtle, at the western extremity of 
the gravel ridge on which the railroad runs between the lakes; 
which is so large that it can hardly be artificial. Indeed it ap- 
pears more like a flat-topped remnant of an old terrace. It rises 
about 20 feet above the lakes, and about 15 feet above the rest of 
the country. It is on the north side of the railroad, and about 
three-fourths of a mile in diameter. 

Twenty or more other artificial mounds are on the land of Dan. 



Digitized by VjOOQIC 



14 TBiiri'iiwr g Ainarix bepobt. 

F. Bartke, S. W. t sec 2, T. 125, 38, a short distance west of 
Olenwood. One in this vicinity is known as WhUe Bear mound. 
This rises about 200 feet above the lake, bat is situated on a nat- 
ural conical hill. This is on. the north side of the lake, about 
three miles from Olenwood. Numerous other mounds are on 
the low land, southwest of the White Bear mound, on the north 
side of Pelican lake; also north of White Bear mound, and north- 
westerly, scattered over the upland prairie. 

Minnetoaska lake. This lake, according to statements of citi- 
zens of Olenwood, was originally designated by an Indian name, 
meaning Disk Idkey because of its being in a low basin. After 
that, when the chief. White Bear, was buried in a high hill on 
the north shore, it was called WhUe Bear lake. After a time it 
was changed to lake Whipple, from bishop Whipple, of Faribault, 
and by act of the state Legislature of 1883 it was again changed 
to Minnetoaska, or Good- water. It is said to be 85 feet deep in 
its deepest part, and averages about forty feet, and there is no 
known evidence of its having ever stood at a higher level. 

This lake basin, which is ^so known, fietcetiously, as the '^ Pope 
county cellar,'' seems, to one approaching it from the east by way 
of the St. Paul, Minneapolis and Manitoba Bailway, as he first 
views it from the railroad station, like some grand excavation 
in the rocky formation of the country. The smooth, high prairie, 
which, as a gravel-strewn plain, extends monotonously north- 
eastward from the east end of the lake, breaks off rather suddenly 
toward the west in a remarkable depression of about 240 feet, 
and in this depression the expanse of the lake appears. There 
has been discovered, however, no rock bed in any of its bluffis, 
which consist, everywhere, of drift materials only. 

A limestone mass, lying among the drift hills N. E. i sec 18, 
T. 125, 37, owned by Mrs. Sarah Peterson, in the upper part of 
the bluffe that enclose the lake, was suspected to be an outcrop 
of the native beds, and was so reputed. It was carefully ex- 
amined. Its strata are nearly horizontal dipping N. W. about 
2 degrees, and on excavation in front it maintains a perx>endic- 
ular face as far as dug, developing a thickness of at least 5} feet. 
With a probe it was found to run under the soil, southward, 
about 9 feet., but beyond that the probe passes too deep without 
strikingit to allow of its being continuousm situ. On lower ground, 
in the vicinity of this limestone mass, are several large boulders 
of coarse, red granite, some being ten feet in diameter. About 
the shores of tlie lake are occasionally found bits of Cretaceous 
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lignite. It was stated that one man found a piece as large as he 
could cany. It geems to come from below the water, since it is 
said to appear after heavy storms. 

The drift bluffs at the east enA of tfc* Uce, have an average 
]d|^ aft iwmil b^ aneroid, of 248 feet above the level of the 
lake, but some of the hiUs acy^^cent rise about 25 feet higher. 
These hills, and the general flat surface extending northeast- 
wardly, are composed superficially, and largely of gravel and 
sand. The effect of winds and storms on this deposit has been 
to uncover and make superficial numeroos transi>orted bouldersj 
especially throughout that part which has a broken contour. 
Thus the apparent abundance of boulders, large as it is in the 
original, in comparison with that of boulders in ordinary till, is 
superficially much increased. They are innumerable, some of 
them being two or three feet in diameter. In some places they 
literally cover the surfstce with a continuous pavement. These 
blufb api>ear rough and hilly just at the lake, and between the 
station and the lake. From their summits the prairie level, 
flat or moderately undulating, is maintained eastward; but 
toward the northwest the surfai^e is rough and stony, exhibiting 
the characters of a glacial moraine, extending to the south of lake 
Beno. 

Below this covering of gray gravel, which seems to be 50 to 75 
feet thick, these bluffe are composed of gray till. This is evinced 
by the composition of exposed cuts and slides in the frequent 
ravines. This underlying till sheds the water that penetrates 
downward in the gravel, causing numerous springs which are 
found at about the same horizon in the blufBa, all about the east 
end of the lake. The spring waters gather into little creeks, and 
one of these was caused to run a small flouring mill till a few 
years ago. The village of Glenwood is supplied with excellent 
water by a -pipe running beneath the surface of the ground from an 
artificial reservoir in which several of these springs are concen- 
trated, .one hundred and forty feet above the village. The re- 
sultant pressure is sufficient to throw a stream from the hydrants 
in the streets, over any of the houses of the village. 

The high blufife which appear at the east end of the lake are 
not so conspicuous farther west. They insensibly diminish, and 
descend finally to the "outlet,'' where the general level is but a 
few feet higher than the lake itself. In the same manner the 
south shore descends toward the west. 

Between the tops of the hills, at the railroad station, and the 
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andnlating or rolling sarfiu^ on which Glenwood village is situ- 
ated, a distance of aboat a mile, are curious knolls, more or less 
elongated, of gray, or yellow, till, rising in the midst of a gen- 
eral till area. The general contour of the bluff at the east end 
of this lake is shown by figure 2. 



KZ. 




Explanaiion cf Figure 3. 

1. Gray grayel and sand, with many stones and bonlders. 

2. Yellow till, with few stones and bonlders. 

3. Place of Glenwood village. 

4. Place of Glenwood station. 

The moraine which passes along the east end of lake Minne- 
waska is from one-half to three-quarter mile distant from the 
lake, and extends N. W. from Glenwood. It is characterized, at 
one and two miles north of the station, by more numerous gran- 
ite boulders, strewn over the tops of the knolls, among them 
being some of limestone. The country three miles northwest is 
rough, even very rough, some of the hillocks -rising 100 feet 
higher than the station. Lake Beno is said to be forty feet higher 
than the railroad station at Glenwood. East from the station 
the surface becomes smooth, but shows a very slight eastward 
decline, for at least a distance of about two miles. From Glen- 
wood the line seems to pass more southerly, into Barsness. 

S^^rings. Allusion has already been made to the singular and 
persistent spring-course along these blufb, reminding the be- 
holder of the similar effect of the green shales of the Trenton in 
Fillmore and other counties in forming a line of springs near 
the tops of the St. Peter bluffe in those counties.* These springs 
afford a strongly calcareous water, and in fovorable positions de- 
posit a copious sediment of tufa. Such deposits are found on 
S. W. i sec. 2, T. 126, 38, on the land of Daniel F. Bartke, and 
on that of Stillman Ayers. It is here deposited on growing moss 
and leaves, and lies at 100 to 150 feet above the lake. The water 
is shed by the underlying clayey till. In similar circumstances 

*FinaI report, toI. 1, p. 274. 
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are found local beds of peat, maintained on the face of the bluff 
below such springs. Some of the water, on flowing again through 
the bog becomes sulphuretted, and similar to that of Mr. Bryan 
near Minnesota City, in Winona county. 

Another source of springs, apparently below the clay, gives 
chalybeate water. This source gives origin to the springs that 
issue at much lower levels along some of the larger creeks that 
cut the bluffe in the same vicinity. They are distinct from the 
lime-depositing springs. 

Brick are made at Glenwood by John Alton. They are of a 
light red, or yellow-red color, and sell for ten dollars per thou- 
sand. Mr. Alton also burns quicklime, from boulders gathered 
on the surface. 

MiUs. There are three mills on the Chippewa that serve the 
flEkrmers of southeastern Pope county, viz.: Swift Falls viill, 
Marine mill and West's mill. The first is a roller mill^ but the 
others are stone mills, with three run in each. 

Trees, The native trees of southern Pope county are as fol- 
lows : Bur oak, bass, elm, ironwood, aspen, white ash, plum, 
box-elder, willow, sugar maple, balm of Gilead (in Langhei), 
black ash, juneberry, red elm, cottonwood, black cherry, hack- 
berry — no black oak, nor white oak. 

The Blue Mounds, a remarkable ridge of drift materials run- 
ning through the southern portions of Blue Mounds and Barsness 
townshii)S, a portion of which is illustrated by the accompanying 
sketch-map (Fig, 3) has been described bv Mr. Upham in the 
eighth annual report.* This ridge, where sketched, consists 
essentially of the coarser drift materials, gravel and sand pre- 
dominating, overstrewn and intermingled with boulders. The 
pebbles are some of them from the Cupriferous, such as dark 
amygdaloids, melaphyr, epidote and quartz, and numerous 
greenstones. But the most of the larger stones are granite and 
hornblendic schists, with Winnipeg limestone. The bulk of the 
entire range seems to be gravel and sand, as evinced by the great 
depth of some of the depressions which only rarely contain any 
water and by little cuts along the roadside. It is a distinct, and 
almost a simple, range. Along its north side in the valley of 
Signalnes creek it is flanked by a subordinate parallel range ris- 
ing about half as high as the main range. This range is also 
composed of gravel and sand. It is interrupted, sometimes 



• Eight report, p. 78. 
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double, and presents all the characters of a glacial kame. It runs 
into and blends with the main range on the town line of Bars- 
ness, where it seems to contribute its contents to that range, caus- 
ing the highest poiift in the whole series, so far as seen, in this 
vicinity. Toward the west the Blue Mounds are lost in crossing 




the valley of Outlet creek, or the valley which Signalnes creek 
occupies, for Outlet creek comes through drift, and has approxi- 
mate bluffs till it enters the Signalnes valley. 

On each side of the Blue Mounds range is a distinct valley, 
that on the north side being bounded abruptly on the north 
by a bench or bluff of till, rising from 75 to a 100 feet. 
That on the south is also bounded on the south by an undu- 
lating ascent of gray till, which, within a quarter of a mile, 
reaches the height of 50 to 75 feet above the valley. The 
northern valley is occupied by Signalnes creek, but the 
southern valley has no distinct line of superficial drainage except 
at its western termination where, through section 28, a little 
creek is formed which works westwardly toward lake Emily. 
The ridge itself, where crossed by the highway in section 23, is 
not more that 80 rods across, and its hight is about 200 feet. 
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Toward the south farther the till surface continues to rise, and 
becomes approximately flat or smoothly undulating, within a 
mile. In section 1, Langhei, next the Boiling Fork township 
line, the elevation is 1,347 feet, as determined by aneroid under 
favorable circumstances, the connection being made with Benson 
station which is 1,042 feet above mean tide. 

From the high land in Langhei the **blue mounds" appear 
lower than the moraine at Glen wood, and with a glass the former 
can be seen running along eastward into Barsness as an isolated 
single ridge, the distant moraine being seen over it. 

According to Mr. G. Thasaldson the Blue Mounds consist en- 
tirely of sand at the point where the highway from Glenwood to 
Benson crosses them, which is about three miles east of the point 
above described. The same was stated by Mr. Signalnes. Mr. 
Upham also describes mount Tom, in Colfax, Kandiyohi county, 
as composed of coarse drift materials, largely gravel and sand, 
this hill being in the supposed eastward extension of the ''blue 
mounds." 

As to the originrand nature of this ridge of gravel and sand, it 
presents all the characters of a glacial kame; but its gigantic 
proportions, if of that nature, would make it rank among the 
largest ever described in this country, since, according to Mr. 
Upham, it can be traced distinctly for a distance of about forty 
miles. Mr. Upham has, besides, regarded it rather as a terminal 
moraine, produced by ice moving in a northeasterly direction. 
While it seems necessary to give this ridge further examination, 
with special reference to the nature of its contents, its actual 
width, continuity and location, before its origin can be considered 
understood, there are some surrounding facts, and theoretical 
considerations, which indicate strongly that this range of drift 
hills' is more of the nature of a kame, due to the action of an 
immense glacial river, in glacial times, than of that of a terminal 
moraine formed by glacier ice. The same facts and considera- 
tions would also indicate that the "Dovre moraine," in Kandi- 
yohi county, is another great kame of gravel and sand. 

The fiat country at Bensony which is sandy and rather poor for 
wheat, extends several miles in width east and west. It is due 
to the former action of the Chippewa river, which now runs but 
little below the general level, and which formerly must have 
spread widely over the country, spreading sand and sandy clay. 
This sandy loam is twenty-two feet thick at Benson. All wells 
get water at the bottom of it, on the clay. 
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(b) Notes of a trip across the Mesabi range to Vermilion lake. 

This excursion was made for the purpose of obtaining samples 
of the Vermilion ore, for exhibition at the World's Industrial 
and Cotton Centennial Exposition, at New Orleans. A few ob- 
servations of geological interest were also made. 

Surface features. First — There are two belts of morainic ac- 
cumulations noticeable between the lake Superior shore and Ver- 
milion lake. One is south of the crossing of the Cloquet river, 
about twenty miles from Two Harbors (Agate bay, of the pre- 
vious reports); the second is from two to five miles north of the 
crossing of the St. Louis river. This is remarkable, not for the 
hight of the hills of which it is composed, as they are from t^n 
to thirty feet high; but for their composition and their abrupt, 
and marked, and distinct outlines. These hills and ridges are 
short and sharp, and appear to consist very largely of boulders 
of gray gabbro, the till being gray and stony. On the north side 
of the former of these moraines, on bothsidesof the Cloquet river, 
the surface is smooth, and consists of gravel and sand, clothed 
with Banks' pine. These flats extend to theWisacode, but they 
become swampy. After passing the Wisacode are seen occasional 
low ridges and knolls with white pine and birch, but cedar and 
tamarack elsewhere prevail, with extensive peat bogs. At the 
crossing of the St. Louis there is no deep valley, only a shallow 
one on drill and boulders, eight or t-en feet deep. Timber mainly 
spruce and tamarack, even on the higher portions. Soil good, 
loamy, rather darker than the till below, but showing no black 
loam like that on the prairies. The soil at the moraine a few 
miles north of the St. Louis crossing, what there is of it, is very 
good, the subsoil being gray till; but largely made up of boul- 
ders. White pine abundant. After passing the sharp ridges 
of this second moraine the country seems to become converted to 
a vast '^muskeg," or peat bog, with similar low boulder-knolls 
occasionally seen. These muskegs seem to lie on the summit of 
the great gabbro range from Duluth, and extend over a width of 
six to ten miles at least from the moraine mentioned a few miles 
north of the St. Louis river, to and beyond the Partridge river, 
which i^ nothing more than a general ditch in the great muskeg. 
Korth from Okwanim, and particularly at a point about eight 
miles south of the crossing of the Embarras, the surface is 
gravel- strewn, and smooth to undulating. This gravel consists 
almost wholly of shingle from the quartzites and shites of the 



Digitized by VjOOQIC 



STATE GEOLOGIST. 21 

Animikie group. At the crossing of the Embarras the Coventry 
is swampy, but has a good soil and is habitable and arable on 
both sides of the river. 

Second — A common feature of the drift, seen in the cuts along 
the railroad, is represented by the following figure — Fig. 4. The 
upper portion of the drift, for a thickness of fourto six feet, con- 
sists of pebbly till, but little stony (1), and the underlying till 
(2) is very stony, large boulders appearing all over the surface 
of the cuts. The upper deposit is of nearly the same color as the 
lower. The till in general, while of a reddish cast, has also a 
tendency to gray in deep cuts, and to a darker, more umber- 
like red in the upper deposit. 



Third — There are two rock ranges, or Mesabis, passed by the 
railroad between Two Harbors and Vermilion lake, and the name 
" Mesabi " has been applied to each of them, without distinction. 
The more southern one is that formed by the gabbro belt run- 
ning from Duluth northeastwardly to the international boundary, 
passing south of Gunflint and Mountain lakes, and constituting 
the actual water-divide between North and South lakes on the 
international boundary. This includes the high land of the 
*'Mesabi iron ranges," as well as the iron locations at Mayhew 
lake north of Grand Marais. It is that which which has been 
most frequently mentioned as "the Mesabi,'' especially along its 
eastern extension where it is more distinct and abrupt, particu- 
larly from the north, than it is further west. This range of high 
land always appears as a range^ from the north, and it operates 
more powerfully to control the drainage of the northeastern part 
of the state than the other Mesabi, lying further north. It is, 
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however, broad as well as high, and holds on its snmmit some of 
the largest lakes of this part of the state, Brule lake being one. 
It is characterized by bare rock, alternating with peat bogs, and 
Innskegs with scattered and stonted spruces. This range should 
continue to be known as the MesaM. Its width is sometimes fif- 
teen miles, but generally from four to Fix; and in most places, 
especially north from Grand Marais, and south from Ogishke 
Muncie lake, its rounded low crest is distinct, and narrowed to 
less than a mile. The Duluth & Iron Eange railroad crosses this 
belt of gabbro, as shown by outcrops of the rock, between the St. 
Louis river crossing and the station of Okwanim. It is also 
likely that the gabbro rock extends further south, though en- 
tirely hid by drift materials. 

The other range which has been named MesaM consists of gray 
granite, or syenite, and it is known also as the GianVsRange. It 
runs along parallel with the former, distant from it from five to 
fifteen miles. It is a distinct, narrow ridge rising about 200 feet 
above the average level on either side. It is intersected at sev- 
eral places by streams. It is crossed by the railroad about four 
miles north of Okwanim, and is less than a mile in width, though 
granite outcrops (red granite) may be seen at a distance of two 
miles still farther north. This range, with more or less distinct- 
ness, continues northeastward to the international boundary 
which it crosses north of Gunflint lake. It is much less impor- 
tant as a topographic feature, and less persistent in its charac- 
ters as a range, than the gabbro Mesabi and it should not be 
confounded with it in future use of the term Mesabi. The survey 
reports will refer to this as the Gianfs Fange, by which name it 
is also known in the reports of the Canadian survey, on the 
north side of the international boundary. 

The stratigraphy of the crystalline rocks in the district of north- 
eastern Minnesota, so far as it is indicated by observations of 
this reconnaissance, is genemlized by the following diagram. 
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In parsing upward from Two Harbors there are very few ex- 
posures, the only ones seen between the station and the crossing 
of the St. Louis river being within a few miles of the lake shore 
and consisting of the ordinary greenish "trap" of the Cuprifer- 
ous. Soon after crossing the St. Louis river there are outcrops 
of massive, gray gabbro, the same as at Eice's point, near Du- 
luth, and these continue to, and perhax>s a little distance north 
of, the station called Okwanim. * Thence northward the surface 
slopes northward and is strewn with debris of slate, undistin- 
guishable from the slates that have been described along the in- 
ternational boundary, and called Animikie slates; but there is 
but one place along the railroad at which there is any exposure 
of rock. This is at the *'red pan cut," about two miles north of 
Okwanim, where a very red and irony outcrop appears extend- 
ing only about 20 feet. The opportunity for examination was 
not suflBcient to determine the nature of this rock, but the as- 
pect and topography, as well as the geographic position, are 
sufficient to indicate the horizon of the iron bearing beds of the 
Mesabi range proper, as described in the report for 1880, or the 
base of the Animikie group. The gravel which is strewn over 
the country along here has a considerable quantity of jasper and 
quartzyte, often nearly black. It continues to the granitic range 
already referred to as the Giant's range. This rock is massive 
and rises from 75 to 100 feet higher than the grade. The aneroid 
showed the station at the summit, as the road passes over the 
range, to be 155 feet higher than the station at the mines at 
Tower. The gray syenite composing the GianVs Range is re- 
placed by red at a few cuts by the railroad on the north side of 
the range, extending for a distance of two miles, at least. For 
some distance further north, and until after crossing the Embar- 
ras river, no rock appears, but at a distance of about 12 miles 
from the station at the mines at Tower is an exposure of a pur- 
plish, aphanitic, hard rock, showing a sedimentary structure 
that dips toward the north about 75 degrees. The same direc- 
tion of dip continues at all exposures from there to Vermilion 
lake, so far as observed. The rock itself is greenish, massive, 
magnesian, or greenish slaty, and schistose, some of it being like 
the rock of the ridges between the Northern Pacific Junction 
and Knife falls. The following diagram is not only based on 
the«e observations, but expresses in general the whole that is 
known of the rocky structure at any point going northward from 
Lake Superior. 
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At the mines of the Minnesota Iron Company the rock consists 
largely of jasper and a magnesian schist, dipping north at an 
angle of 85® — 88®. This magnesian rock is ordinarily green, 
bnt in the vicinity of the mines it becomes more and more ferru- 
ginous and apparently is changed to iron ore — a soft red hem- 
atite. At the same time there are conglomeratic portions, as 
well as arenaceous. These laAiter are more abundant on the slope 
to Vermillion lake, north of the mines. The ore consists, in 
general, of hematite, but there are also small amounts of non- 
titaniferous magnetite, and small crystals of goethite. 

Stratigraphic position of the iron ores of northern Minnesota. 
There seem to be three horizons in the strata that, in northeastern 
Minnesota, have attracted attention for their iron bearing quality. 

First — The titanic iron of the gabbro belt. This includes the 
iron ore of the Mayhew location north of Grand Marais, the so- 
called iron ore of Duluth and Herman, and the iron ore that has 
been reported on Poplar river. This furnishes the iron sand of 
the lake Superior beach. This horizon of iron ore seems to have 
no parallels, so far as reported, in Michigan and Wisconsin. 

Second — The iron ore of the Mesabi range. This is hard 
hematite and non-titaniferous magnetite. It is^ that examined in 
towns 59.14, and 60.14, and is presumably the cause of the iron 
ore signs in that tract of country between Okwanim and the 
Giant's range. It is in the horizon of the Animikie slates, and 
near the bottom of the same, and the probable parallel of the 
Commonwealth mines in Wisconsin, without any known equiva- 
lants in Michigan. 

Third — The hematite of the Vermilion mines at Vermilion 
lake. This is on the north side of the granite belt, and in rocks 
dipping north, the other two horizons being on the south side, 
in rocks dipping south. This iron horizon is lower, in the strata^ 
than either of the others, and seems to be on the horizon of the 
Marquette and Menominee iron ores, as is also indicated by the 
associated quartzytes, jaspers, and conglomerates. 
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m. 
THE VERMILION IRON ORES. 



The year 1884 having witnessed the opening of the first active 
mining in the state, its bearing upon the future of this industry, 
and its importance as a matter of history, both demand of the 
survey a presentation of the whole matter as full and explicit as 
the present opportunity may afford. The following facts have 
been obtained mainly of the officers of the company, and can be 
accepted as a faithful statement of the present condition and 
extent of this important new industry. 

In every instance where the ore was tried by actual furnace 
tests, it has proved its superior quality. The company are min- 
ing at the rate of 15,000 tons per month, employing at the mines 
400 men, but could easily increase their product to 25,000 or 
30,000 tons per month. 

The buildings, machinery and plant at the mines involved an 
outlay of fully $300,000, and the ore docks at Two Harbors fully 
$200,000 more. The whole amount expended, including the 
building and equipment of the Duluth and Iron Range railroad 
(sixty-eight miles, from Two Harbors to Tower), by the Minne- 
sota Iron Company in this enterprise is over $2,500,000. 

The VermUum lake iron district^ of which the Minnesota Iron 
Company are proprietors, lies in the south half of township 62 
north, in range 15 west, in St. Louis county, Minnesota. The 
greater portion of the northern half of the township is occu- 
pied by lake Vermilion. 

The whole of that portion of the township which lies south of 
lake Vermilion belongs to the Minnesota Iron Company, except- 
ing section 36, which is a school section. This section is in the 
3 
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southeastern corner of the township, and is not known to con- 
tain any iron. 

The shipping port on lake Superior for the ores of this district 
is Two Harbors, formerly known as Agate and Burlington bays 
(25 miles northeast of Duluth), which affords unusual natural 
advantages for the erection of ore piers and for safety and con- 
venience of vessels of the largest class. The surveyed line of 
the Duluth & Iron Range railroad, between the town of Tower, 
at Vermilion lake, and Two Harbors, is 72 miles in length, with 
easy grades and curves, and offering no unusual difficulties of 
<5onstruction. The building of this line was done under contract 
by John S. Wolf & Co., Ottumwa, la., well known and energetic 
railroad builders. The line was ready for the transportation of 
ore by Aug. 1, 1884. This line will be at once extended to 
Duluth, and there placed in connection with the railroad system 
of the United States. The Duluth & Iron Range Railroad com- 
pany have also built ore piers and made the harbor improve- 
ments at Two Harbors under the supervision of Mr. George H. 
White who built the ore piers at Escanaba. These piers are five 
feet higher than those at Escanaba and seven feet higher than 
those at Marquette, thus affording the best possible facilities for 
loading the largest vessels in the trade. 

A general similarity may be observed between the Vermilion 
lake iron district, in township 62, range 15, and the district in 
the now celebrated township 47, range 27, in Marquette county, 
Michigan, which includes the well known Jackson, Cleveland, 
Lake Superior, New York, and Barnum mines, besides many 
others of less notoriety. 

The Vermilion lake deposits, however, appear to be much 
larger, as far as first-class ore is concerned, than the mines in 
township 47, range 27, in Marquette county. The district has 
been examined by persons who were familiar with all the mines 
of Marquette county in their earliest stages, among others, Hon. 
Edward Breitung and Mr. Samuel P. Ely, who are among the 
pioneers of the Marquette district, and Mr. John N. Armstrong, 
the veteran Marquette and Menomonee range explorer. In 
their opinion the quantity of first-class ore now exposed at Ver- 
million lake exceeds what was exposed of that grade of ore at 
the same stage of development in all the mines of Marquette 
county. It is reasonably probable that the mines in township 
62, range 15, will, in the natural order of their development, 
alter a reasonable time, yield as much of the highest grade ore 
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as the mines of township 47, range 27, in Marquette county, 
with the Humboldt, Champion, Michigamme, and Republic 
ranges added. 

A brief account of the results of the company's explorations 
thus far will substantiate this statement; although these explo- 
rations, by reason of the shortness of the time which has elapsed 
since the discovery of the deposits and the difficulty of getting 
in supplies in advance of roads or settlements, have necessarily 
been partial and imperfect. The most striking and natural 
exposures only have thus far been named and examined, which 
will be described in the order of their occurrence, beginning at 
the most eastern. 

The Stuntz mine, in the northeast quarter of the southeast 
quarter of section 27, township 62, range 15, lies on the north 
side of a valley between the north and south ranges. By mak- 
ing a rock cutting of about 75 feet, which would be principally 
through the slates which adjoin the ore on the south side, a face 
of 75 feet could be obtained for the commencement of mining 
operations. The surfe/Ce stripping shows a with of about 25 
feet of ore for about 400 feet in length. The stripping westward 
was stopped by a spring hole and wet ground; there was, how- 
ever, no reason to suppose that the ore terminated at that point; 
on the contrary there is a reasonable probability of its continu- 
ance westward. The ore is a coarse-grained red specular ore 
with a good lustre, much resembling the bright Republic ore of 
Marquette county. The belt is almost entirely pure, needing 
very little assorting. 

Th€ Stone mine, about an eighth of a mile west of the Stuntz, 
has an elevation of 25 feet above it. At the most eastern end is 
exposed a narrow belt of slate ore of excellent quality, which 
appears to be a lens lying in front, or south, of the main deposit. 
The main deposit is a very large one, of a close grained red 
specular ore of great purity, much resembling some of the best 
ores in the lake Superior mine in Marquette county. At the 
eastern end, so far as now developed, it is about 50 feet in width, 
gradually increasing, for 300 feet westward, to 62 feet in width 
and maintaining a width of 46 feet at 700 feet westward. 

This body of ore, at its present stage of surface developement, 
in respect to the combination of size, continuous extent, and 
great purity, stands without a parallel in the United States up 
to the present time. Thus far in all the trenches, test-pits, and 
stripping, there has not been exposed any mixed ore whatever. 
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Metallic iron. Silica. Photphorus, 
Analysis of surface specimens from this mine 

made bj the Isabella Famace Ck>. gave 68.34 2.14 .053 

Another by the Pittsburgh Bessemer Steele Co. 

gare 68.19 2.02 .061 

Another of numerous small pieces taken from 

every part of the surface by Mr. S. P. Ely gave. 69.30 .059 

The Ely mine, west half of the southeast quarter of section 27, 
This mine includes the extension of the Stone mine westward 
from the point above described together with a separate deposit 
lying some 300 feet northwest of the Stone mine. But little sur- 
face work has been done at this deposit; although it lies at an 
elevation of about 20 feet above the Stone mine, the conformation 
of the adjoining rock occasions more or less wet ground, and it 
has not yet been convenient to drain the surface, which can be 
done, however, with little difficulty. This deposit appears to be 
about 100 feet in width; knobs and projections of pure ore rise 
above the surface at various points, indicating a large and good 
deposit. Its dimensions and characteristics cannot be given with 
the same certainty as in the case of the other mines described, 
because the surface has not been stripped or trenched for the 
reasons which have been stated. The ore is of the best quality, 
however, and the deposit is obviously a large one. From the 
first of March to the present time more ore has been discovered, 
both in the Tower and the Stone (in fact in every mine) than 
was ever known here at the time of the explorations of Chester 
and Wright. 

The Tower mine, east half of the southwest quarter of section 
27, is the most elevated deposit on either of the ore ranges. It 
includes, in fact, two, and perhaps three, distinct mines. The 
most southern of these deposits is clearly distinct from either of 
the others; it lies on the line of the Stone and Ely mines, pro- 
tracted westward, and is probably a continuance of that deposit. 
The trenches show a width of about 18 feet of clean ore of the 
best quality. One hundred and fifty feet west of the trench which 
shows 18 feet of ore is a new discovery which shows clean ore 
for 150 feet wide. The two more northerly deposits are sepa- 
rated from each other by a jasper ^* hog's back" about 50 feet in 
width, and it cannot yet be determined whether they are really 
separate deposits, or whether they become one again in exten- 
sion. There are some indications that they become one, and that 
the Ely mine is an extension eastward of the united deposit. 
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One of them shows a width of 33 feet and the other of 42 feet of 
clean ore of the best quality. There has not yet been time and 
opportunity positively to determine the length of the extension 
of these bodies westward; but from the lay of the ground there 
is no doubt of such an extension as will make as large a mine as 
either of the others. 

The Armstrong mine, northwest quarter, section 27. This de- 
posit lies on the northern slope of the Tower range. Two dis- 
tinct deposits have been discovered here; one of the veins is 15 
and the otlier 30 feet wide, of good ore. Their extent and rela- 
tion to the other mines of the company have not yet been de- 
termined. The deposits of the district are so large and so num- 
erous and have extended over so much territory, that there has 
not been time thus far to get more than a partial knowledge of 
them. It is quite possible that the Armstrong may prove to be 
an extension of the West Breitung, which is described further 
on. 

The Breitung mine, west half southwest quarter, sec. 27, and 
east half southeast quarter, section 28. The main deposit at this 
mine furnishes a larger natural exposure of pure ore than either 
of the others. The natural outcropping before any work was 
done was about 38 feet in width, 35 in hight, and 75 feet in 
length, all of the purest ore. Subsequent work shows that at 
250 feet east of the outcrop, the deposit is 95 feet wide. Be- 
tween these i>oints a slide of jasper has covered a portion of the 
vein for about 30 feet in width for a depth of from three to seven 
feet; otherwise than this, the ore is continuous to this point, 250 
feet eastward. Here the stripping became rather heavy and was 
discontinued; but at a point 300 feet further eastward, on what 
is believed to be a continuance of the same deposit, trenches 100 
feet apart showed 35 and 38 feet of the same ore with no mixture 
of rock. 

The southern deposit of the Breitung mine lies about 125 feet 
south of the one just described, upon slightly lower ground. A 
belt of chloritic schist lies between the two. 

This vein has been exposed at four different points; at the 
most easterly it is 27 feet wide and 100 feet in length, stripped; 
at the next one it shows about 10 feet in width; at the third, 15 
feet, and at the most easterly, 18 feet. The distance between the 
extreme openings is about 1,000 feet; and there is no doubt that 
the vein is continuous for that distance. This ore is also of ex- 
cellent quality. 
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About 175 feet north of west of the main deposit lies the West 
Beitung. Here has been exposed, for a length of 80 feet, a vein 
of ore for upwards of 50 feet in width. At that width the strip- 
ping became rather heavy and work was stopped for a time, 
although the limit of the ore had not been reached. This deposit 
has two jasper walls and is entirely distinct from the other one. 

The main deposit of the Breitung mine is a bright, handsome 
ore, free from any admixture of rock, and can be mined (as can 
the ore of the Stone mine) of 67 per cent purity without assort- 
ing. An analysis made by the Isabella Furnace Company of 
samples from all parts of a stock pile of 2,500 tons 

Metallic iron. Silica. Photphoras. 

gave 68.79 1.34 .038 

Another, made by the Pittsburgh Bessemer 

Steel Co., gave 68.19 1.41 .041 

Another, of numerons small pieces taken by 

Mr. S. P. Ely, from all parte of the deposit, 

gave« 68.51 078 

The Lee mine, north half section 33. This is a very large deposit, 
or rather group of deposits, upon the South range. It includes 
three distinct ore bodies. The most northerly is nearly or quite 
100 feet in width at the point where it was first exposed. The 
explorations upon this deposit show its continuity, with varying 
widths, for about 500 feet, and the indications of the formation 
point to its protraction for nearly 2,000 feet farther westward. 

On the highest point of the South Range, about 75 feet south 
of the deposit just described, a vein some ten feet wide has been 
uncovered, which rapidly widens as it descends. 

A third ore body lies 75 feet farther south and is 36 feet wide 
This vein extends 700 feet to the eastward, as far as now developed, 
and is also probably protracted westward, as mentioned just 
above in respect to the first deposit. The group of deposits 
which constitute the Lee mine contain extremely large bodies of 
pure ore; and, so far as any mixed ore is found, it is not, com- 
paratively to the pure ore, in greater quantity nor more difficult 
of assortment, than in the best of the Marquette county mines. 
An analysis of the mixed ore from this mine, selected as such by 
Mr. S. P. Ely, gave 61.59 metallic iron. The following are the 
analyses of the pure ore from this location : 

Metallic iron. Silica. Phospboraa. 

Isabella Furnace Co 66.42 4.67 .031 

Pittsburgh Bessemer Steel Co 66.37 4.72 .039 

S. P. Ely's samples, from all parte of the mine... 67.80 053 
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The Minnesota Iron Company intend to place a sufficient quan- 
tity of their ore in market at lower lake ports in the autumn of 
1884 to make it known to consumers, and thereafter to produce as 
much as the inarket may require of the highest grade of ore, up 
to an amount equal to, or greater than, the Marquette county 
product of that kind of ore. As a matter of course, an unlimited 
amount of ore cannot be produced in a single year, and some 
years of development and organization of the business must pass 
before the full productive capacity of these mines can be reached. 
It will be observed that all the Vermilion lake ore is sufficiently 
low in phosphorus for Bessemer use, and that a practically un- 
limited supply of such ore can be obtained, which is also of the 
highest standard in metallic iron. 

The existence of such ore bodies is a fact of almost national im- 
portance, and their speedy exploitation is of the greatest interest 
to the whole iron-producing industry west of the Alleghanies. 

The policy of the Minnesota Iron Company will be to ship only 
the best ores. Such mixed ores or soft hematites as may be 
developed in the course of its mining, will be for sale at the mine 
for those who may require them; but the company's own product 
and shipments will be confined to the ores of the highest grade. 
Lake transportation will not be materially higher than that from 
Marquette to lower lake ports, by reason of the large and increas- 
ing quantity of coal which is seeking transportation to the head 
of lake Superior, which will give a remunerative up freight to 
the ore vessels. 

The rapid growth and development of several of the mines in 
Michigan is exhibited by the following table, showing the pro- 
duct of the five largest mines of Marquette county, Michigan, 
during the last ten years. 
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The probable productive duration of iron ore deposits of this 
character is a question in respect to which some valuable exx>e- 
rience has been gained in working the Marquette deposits. The 
following table shows the aggregate production of the five Mar- 
quette county mines which have been before cited, from their first 
o]>ening to the present time: 

Total prodnctlon in fioos tons. 

Jackson mine 2,291,992 

Cleveland mine 2,535,184 

Lake Saperior mine 2,962,965 

Champion mine ^ 1,134,912 

Republic mine 1,660,508 

10,685,661 

The Jackson, Cleveland, and lake Superior mines have been 
worked continuously since 1858, the Champion mine since 1868, 
and the Bepublic mine since 1872. Notwithstanding their large 
product, all of them excepting the Jackson, have as much, or 
more, ore in sight and as great a future product in prospect, 
as at any time in their history. 
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TABLE OF ANALYSES OF HABD HEMATITE IBON ORES 

FBOM THE 

MINNESOTA IBON COMPANY'S MINES 

IN THK yBRMILION IBON DISTBICT. 

VICINITY OF TOWER, ST. LOUIS COUNTY, MINN. 



3.45 


none 


.064 


3.75 


none 


.039 


2.40 


.018 


.072 


1.35 


.009 


.027 



AUTHORITY. MetaUic SUioa. Salphor. Phos- 

Iron. phorua. 

J. Blodgett Britton, Philadelphia, March, 

1880, select samples. 69.69 019 

Prof. Albert H. Chester, Clinton, N. Y., 

October, 1880, samples taken by himself 

from all parts of north belt 66.93 3.39 .01 .011 

Samples taken by himself from all parts of 

south belt 66.43 3.89 none .006 

North Chicago Rolling MiU, Nov. 18, 1880, 

duplicates of Prof. Chester's sriection, 

north belt. 65.22 

North Chicago Rolling Mill, south belt 66.18 

Chas. E. Wright, Marqnette, Mich., Sept 

1, 1881, samples taken by himself from 

eveiy part of north belt 66.71 

Do. Do. south belt 67.60 

Isabella Furnace, Etna, Allegheny Co., Pa., 

Oct. 20, 1882, samples from all parte of a 

stock pile of 2,500 tons at the '' Breitung" 

mine, north belt 68.79 1.34 038 

Isabella Furnace, samples from the " Stone '' 

mine, north belt 68.34 2.14 053 

Isabella Furnace, surface samples from the 

**Lee" mine, south belt 66.42 4.67 031 

Pittobuigh Bessemer Steel Co., Nov. 10, 

1882, samples from all parte of a stock pUe 

of 2,500 tons at the "Breitung" mine... 68.51 1.41 041 

Pittebuigh Bessemer Steel Co., surface sam- 
ples from " Stone " mine 68.19 2.02 061 

Pitteburgh Bessemer Steel Co., sur£EM^ sam- 
ples from '* Lee'' mine 66.37 4.72 039 

J. Blodgett Britton, Philadelphia, Dec. 20, 

1882, sample of slate ore from the *'Stone" 

mine 69.93 .73 033 

Average samples taken from all parte of the 
"Lee" mine, by S. P. Ely, January, 

1883, analyzed by Chas. E. Wright 67.80 053 
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* 
Average sampleB taken from all partn of the 
"Stone" mine, by S. P. Ely, January, 

1883, analyzed by Chae. E. Wright 69.30 059 

Average^ aamplee taken from all parts of 
the "Breitung" mine, by S. P. Ely, Jan- 
uary, 1883, analyzed by Chas. E. Wright. 68.61 078 

The foregoing are all hard hematite specular ores, and are all 
the analyses that have been made of the ores of the district above 
named since the Minnesota Iron Company commenced its explo- 
ration in 1879, excepting a single one of mixed ore from the 
"Lee" mine, selected as such by Mr. 8. P. Ely, which has been 
mentioned in the foregoing pages. 

Besides the land in township 62, range 15, which has been 
mentioned, the Minnesota Iron Company own several thousand 
acres in the adjoining township on the east, township 62, range 
14, selected to cover any extension eastward of the Vermilion 
lake range, and also several thousand acres along the line of the 
Duluth & Iron Range railroad, and 3,000 acres at Two Harbors 
on lake Superior; making in all 22,488 acres. 

Shipments in 1884. During the short season of 1884, after the 
completion of the Duluth and Iron Bange railroad, and the con- 
struction of the necessary docks at Two Harbors, the products 
of the Vermilion mines amounted to about 1,000 tons per day, 
the aggregate product being 62,000 tons, distributed to various 
furnaces and iron works in Ohio, Pennsylvania, and Virginia. 

RECENT ANALYSES OF THE VERMILION IRON ORES. 

St. Paul, Minn., March 6th, 1885. 
Prof. N. jBT. WvacheUy 

State geologist^ Minneapolis^ Mvnn.j 

Dear sir: As I promised you, I give you below eight late 
analyses of our ore: 





PhoBphonis. 


SlUca. 


MetaUio iron. 


Phosphorus. 


SiUca. 


66.70 


.042 


3.71 


69.27 


.044 


.084 


68.37 


.060 


1.56 


67.75 


.051 


2.07 


65.65 


.036 


5.48 


67.84 


.061 


1.77 


66.94 


.031 


3.65 


67.02 


.051 


1.75 



Yours Truly, 

George C. Stone, (Jen'l manager. 
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IV. 



THE CRYSTALLINE ROCKS OF MINNESOTA. 



There is a series of gneisses and soft red granites, or more 
properly, syenites, associated with the gabbro belt in the north- 
eastern part of the state. This red granite, or **red rock," as 
it has been styled in earlier reports, is believed to be due to 
metamorphism of sediments that had been deposited at a date 
but slightly prior to the outflow of the gabbro itself; and, as it 
has been seen to pass into subcrystalline rock and quartz por- 
phyry, and, as similar or identical quartz-porphyry and felsite 
are formed when in immediate association with masses of red 
granite and of gabbro, interstratified with the igneous outflows of 
the cupriferous, this red granite has hitherto been believed to 
belong in the age of the cupriferous, and for the same reason the 
gabbro has been accepted as the basal igneous rock of the cupri- 
ferous. The cupriferous overlies the Animikie slates and 
quartzites; and the great igneous capping of the Animikie hills 
along the international boundary, from Gunflint lake to Pigeon 
point,[is in the direct line of extension of the gabbro range. This 
belt of syenites and granites, with the gabbro, disappears at the 
west end of lake Superior, beneath the waters of the lake and of 
the St. Louis valley. Further southwest, and in the line of their 
extension, however, are outcrops of red and gray granite, on the 
Rum river, south of Mille Lacs, on the Mississippi river between 
Clearwater and Watab, and on the Minnesota river between New 
XJlm and the foot of Big Stone lake. The granite rocks that 
appear in the Mississippi valley are not lithologically similar to 
those of this series, while those of the Minnesota valley are more 
nearly identical with them. There is an outcrop of the basal ig- 
neous rocks of the Cupriferous at Taylors Falls, overlain uncom- 
formably by some of the Cambrian (probably the Calciferons 
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period), indicating that the strike of these granite rocks is far- 
ther south than the outcrops on the Bum and Minnesota rivers. 

Still, whether these upper Mississippi granites be the analogues 
of the red granites north of Lake Superior, or not, those that 
appear at New XJlm, as they underlie a conglomerate and red 
quartzite, have a greater degree of probability of being on the 
same horizon, and exhibit also a greater lithological resemblance. 
In any case the gabbro is entirely lost sight of. As an outcrop- 
ping, overflowing rock, the gabbro may be considered, x>erhaps, 
to have had a more intense effect as a metamorphosing agent, but 
one less extensive geographically, than was the effect of those 
forces which made possible and necessary that outflow, when 
acting over a broader area without actual fracturing of the crust. 
Thus, perhaps, the metamorphism of the strata immediately 
preceding the age of the gabbro outflow, may have been more 
profound toward the southwest further, where no gabbro is 
found. In apparent consonance with this, the crystalline rocks, 
which might be in the extension of those slates and 
quartzites underlying the gabbro, are found to occupy a wider 
belt where they cross the Minnesota valley than where they are 
associated with the outflow of igneous rock in northeastern 
Minnesota. Their prevailing schistose structure, dipping toward 
the southeast, if it be due to original sedimentation, is in har- 
mony with the known strike of the red syenites northeast from 
Duluth. This dip seems to be changed to northwest at the 
foot of Big Stone lake, indicating that the Minnesota valley 
passes over an anticlinal in these rocks, extending from Big 
Stone lake to the red granite outcrop near New Ulm. 

Lying toward the north of the belt of red granites of north- 
eastern Minnesota, is a series of schists and slates, containing 
the iron ores of the Mesabi, and of Vermilion lake. The sub- 
divisions of this series, so far as, they can be indicated at this 
time, are three, viz.: (1). Slates and quartzites, with beds of 
dioryte (Animikie group), which, in their extension toward the 
southwest, would, under the foregoing hypothesis, embrace the 
dioryte-bearing mica schists at Little Falls, Tike Bapids, and 
Sauk Centre, as well as the dark carbonaceous slates of the St. 
Louis valley at Knife portage; and finally become the schistose 
granites of the Minnesota valley anticlinal. (2). Soft, greenish, 
slaty schists, which hold lenticular masses of light-colored pro 
togine gneiss, and also beds of dioryte. The horizon of the Ver- 
milion iron mines is thought to be near the bottom of this sub- 
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division, or at the top of the next, but on the opposite side of a 
Laurentian axis, dipping north, and that of the Mesabi iron 
range, in the foregoing subdivision, dipping south. (3). Con- 
glomeritic and quartzitic slates, which become fine, arenaceous 
quartzites, and also embrace beds of siliceous marble. 

Still further north, and having a strike in the same N. E. to 
s. w. direction, is another range of crystalline rocks, forming a 
conspicuous feature both in the topography and in the geology 
of that part of the state. The rocks of this horizon, accepted 
now as the Laurentian of the Canadian geologists, consist of 
gneiss and syenite, mainly of a light, gray color, but also becom- 
ing red. The ^'Giant's range'' of hills is formed by this rock. 
They enter the state at Saganaga lake, north of Ounflint lake, 
and with more or less distinctness continue southwestward cross- 
ing the Duiuth and Iron Bange railroad at ^' Messaba Heights," 
and the Embarras river at Squagamaw lakes. Toward the west 
further this range has not been traced out by the survey, but, 
judging from all the facts and evidences that can be gathered 
from other sources, this belt of Laurentian turns more westerly, 
passing through the north central part of the state, and swings 
northwesterly along the west side of the Lake of the Woods, re- 
appearing on the east side of lake Winnipeg. 

On the north side of this Laurentian axis are other crystalline 
rocks, occupying nearly all the remaining area of the state, out- 
cropping along the Rainy lake river, in the Lake of the Woods, 
and east of Bainy lake. These seem to be alternating bands of 
schists and gneiss, and their extent and nature have not been as- 
certained. 
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ADDITIONAL ROCK-SAMPLES NUMBERED. 



The last recorded number of this series is given in the Tenth 
Annnal Report, page 122. 

No. 837. Fragments from 196 feet under Minneapolis; red 
quartzyte, from the deep well at the Washburn '*C." mill. 

No. 838. Brick-red quartzjrte, from Redstone, near New Ulm* 

No. 839. Fine-grained gray syenite from Sauk Rapids^ 
Museum Register No. 4466. 

No. 840. Fine-grained gray syenite, like the last from East 
St. Cloud, Museum Register No. 2128. 

No. 841. Granite from near (north of) Motley, Museum Reg- 
ister No. 2596. 

No. 842. Greenish syenite (1) from sees. 17 and 18, Ashley* 
Museum Register No. 4499. 

No. 843. Dyke in the Motley syenite. Museum Register No* 
2593. 

No. 844. Dyke in the Motley syenite, very fine-grained. 
Museum Register No. 2595. 

No. 845. Dyke in the granite at Sauk Rapids. Museum Reg- 
ister No. 2122. 

No. 846. Amygdaloidal dyke rock, Maine Prairie. Museum 
Register No. 2123. 

No. 847. Slate, fine-grained, showing sedimentary structure 
and slaty cleavage running in different directions, crossing each 
other. Museum Register No. 2681. 

No. 848. Fine gray quartzyte, at least a fragmental rock though 
containing other minerals besides quartz, glistening with fine 
sparkles on a freshly fractured surface, from Little Falls.. 
Museum Register No. 2690. 

No. 849. Staurolite mica schist, Pike Rapids, near the mouth 
of Swan river. Museum Register No. 2689. 
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Ko. 850. Fineerypto-eiTBtoniiiefoimof the red-rock, at I^ 
loth, of a reddirii brown color; the same as Ko. 42, but fresher, 
and kflB granular. 

Xo. S51. Bed granite, from Oonrtland, Nicollet County, op- 
posite Kew Ulm. 

Ko. 852. Ck^nglomerate (Potsdam) Ck^nrtland, KicoUet County, 
opposite Kew Ulm. * 

Xo. 852. A. B. C. D. K F. Pebbles from 852. 

No. 853. Pyritiferons red granite, from Mannheim's sUTer 
mine, Dulnth. 

No. 853 A. Vein rock from Mannheim's silver mine, Dnlnth. 

No. 853 R Vein rock (calcite) from Mannheim's silver mine, 
Dulnth. 

No. 854. Traproek from Taylor's Falls, containing m^allic 
eopi>er in minute particles. 

No. 855. Dark concretions from the slates at Thomson, thought 
by Hunt & Dawson to contain a keratose sponge. 

No. 856. Vein in gabbro, at Bice's i>oint. 

No. 857. Conglomerate of shale in white sand-rock, Fond du 
Lac 

No. 858. Average samples of the red syenite (micaceous) at 
Sauk Centre, quarry of T. Carl. 

No. 859. Average sample of the hard, dark schist, or gneiss, 
Sauk Centre, quarry of T. Carl. 

No. 860. Sample of the schist showing considerable mica, 
Sauk Centre. 

No. 861. Average sample of the massive dioryte, Sauk Cen- 
tre. This is the same as described by Streng in the eleventh 
annual report, page 72, and by Upham on page 103. 

These rocks from Sauk Centre are described on page 12. 

No. 862. Pinkish, white quartzyte, Garden Valley, seven 
miles from Merrillan, Jackson County, Wis.; probably shows 
Irving' s ** deposited quartz." It is also probably from this that 
Whitfield's Fakeacmcea Irvingi was obtained. See Vol. IV, p. 
173, Geology of Wisconsin. 

No. 863. St. Peter sandstone, from the small island in the 
Minnesota bottom-lands near Fort Snelling, cemented with^iron 
and (** deposited"!) silica, so as to be hard and show different 
colors. 
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VI. 



THE HUMBOLT SALT WELL IN KITTSON COUNTY.* 



It hafi been known for many years that copious salt springs 
existed in the valley of the Eed river of the North. Prom their 
abandance several streams have been named, as Salt €*iver, and 
**Eivier^ Sal^.'' Some of these springs are in Dakota, some in 
Minnesota, and others, probably the most numerous and copious, 
are in Manitoba. Some of the earliest French explorei'S, notably 
Sieur Du Luth, mentions the fact that the Indians exhibited salt 
which they said had been obtained in the vicinity of certain 
lakes in the western prairies, said to be fifteen or twenty days 
travel further west. 

Prof. Henry Youle Hind, in his report on the Assiniboine and 
Saskatchewan exploring expedition, in ,1859, has summarized 
the principal facts respecting these springs and the salt deposits 
of the valley of the Eed river of the North. They had been 
made known in Dakota and Minnesota by Prof. Keating in 1823, 
who accompanied Major Long to the ** Sources of the St. Peter's 
river and lake Winnipeg." At that early date five hundred dol- 
lars had been made by a single individual from the sale of salt 
manufactured in one summer near Pembina. The country was 
so permanently and extensively saline that the characteristic Sa- 
licomia hexjxwea was found growing abundantly in its natural 
wild state, the only inland locality known west of the Onandaga 
salt springs, in New York. In 1859 the manufacture of salt from 
springs in Manitoba was carried on profitably for the Hudson's 
bay company, at Swan river and at Winnipegosis lake, the meth- 
ods of manufacture being of the rudest kind. 

South of the international boundary several deep wells have 



* Bead at the Philadelphia meeting (1884) of the American Association for the Advancement 
of Science. 

6 
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been sunk within a few years for the purpose of getting a sup- 
ply of water for stock and farming purposes. Some of these 
have given an artesian overflow of brine. The first of this kind 
in Minnesota was sunk at St. Vincent, which is on the Bed river 
of the North at the crossing of the international boundary. 
This well was 165 feet deep, and only penetrated the drift depos- 
its, the greatest thickness being taken up with a fine lacustrine 
clay, 112 feet in perpendicular thickness. Und*er this was found 
to be coarse gravel and sand which afforded a copious overflow 
of salt water. This water was not carefully analyzed, though 
Dr. Perley, at Port Pembina, made tests sufBcient to show it was 
a brine principally of chloride of sodium, but contained a con- 
siderable quantity of magnesium and calcium. 

Eecently another well has been sunk on the Valentine faanony 
at Humboldt, about six miles southeast from St. Vincent, on the 
line of the St. Paul, Minneapolis & Manitoba railway. This 
also gives a strong salt water, which rises under natural hydro- 
static pressure several feet above the ground. The water is 
clear, and effervesces slightly on exposure to the air and the re- 
moval of the pressure. 

The section penetrated by this well was the same as that at St. 
Vincent, but extends much deeper. The salt water was found 
to rise first from a bed of gravel and sand at a depth of 165 feet, 
but in small quantity. Between 170 feet and 180 feet, the fiow 
of brine became very copious, rising from a coarse gravel and 
sand pertaining to the drift. The object of the well being to ob- 
tain water for the use of the farm, the drill was sunk deeper. It 
at once entered a dolomitic limestone, which was found to be 295 
feet thick. This has a gniin and color like that which is known 
as the St. Lawrence limestone in the Mississippi river bluf^ 
Beneath this was found a saccharoidal, siliceous sandstone of 
rounded grains of quartz, that still furnished a flow of salt 
water, which rose with still greater forc^. The drill then entered 
greenish and reddish shales, some of these being of la reddish- 
umber color. Fragments from the pumpings show this shale is 
slightly unctuous, gritless, and compactly impervious, resem- 
bling the red shale which has been penetrated in a number of 
deep wells in the state, and been found to have a great thick- 
ness; notably the well at Mankato in the Minnesota valley. 
While this shale, as shale, is impervious, it is interbedded with 
red sandstone, particularly in its upper portion, and from these 
beds of sandstone may rise an artesian flow of fresh water. At 
the time of my visit it had been entered but forty-six feet. 
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Mr. G. F. Sidener, of the university of Minnesota, analyzed 
this brine, and has reported the following composition of the 
soluble mineral ingredients: 

QrainapergaL 

Silica 12.15 

Alaminnm oxide 2.38 

Carbonate of iron 1.08 

Caldom snlphate 116.08 

Caldom chloride 156.65 

Magnesiom Snlphate 71.12 

Magnesinm carbonate 78.60 

Ma^^nesinm chloride 91.44 

Potassinm chloride 42.26 

Sodinm chloride. 2764.99 



Total mineral ingredients 3336.65 

Of the mineral ingredients this gives 82.3 per cent chloride of 
sodium, the rest being largely made up of the earthy chlorides 
of calcium and magnesium, and the sulphate of lime. This gives 
It more than the average per cent of chloride of sodium found 
in the Michigan brines, while the total solid matter in solution 
is only from one-third to one-half as much. 

There is an interesting question presented by these salt springs 
and deep wells, of the Bed river valley, viz. : From what for- 
mation does the brine issue primarily t Professor Hind inferred, 
from the great predominance of the salt springs over the rocks 
of the Devonian age, along the southwesterly side of lakes Win- 
nipegosis and Manitoba, that the brine issues from the rocks of 
the Devonian. He rather discourages the expectation of car- 
boniferous strata in the region explored by him, saying that "it 
appears tolerably certain that the carboniferous series is not 
represented in the only locality where it may be looked for with 
much chance of success." Sir Roderick Murchison, however, in 
his address before the Boyal Geographical Society, on the results 
of the ** Palliser expedition,'' distinctly states that it is definitely 
settled that in the western portion of the Saskatchewan valley the 
Devonian rocks are overlain by carboniferous strata. It seems 
reasonable to infer that these carboniferous strata extend fieur 
enough southeasterly to occupy the unobserved interval of four 
hundred feet of strata, stretched over a space of ten miles in 
breadth, "between the salt springs south of Dauphin lake, and 
the outcrop of the cretaceous shales on the flanks of Biding moun- 
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tain.'** The gsrpseous and salt-bearing formation of Michigan 
might occupy this interval. That the salt water issues from near 
the summit of the Devonian, if from the Devonian at all, is ad- 
mitted by Professor Hind. In order to issue thus along the sum- 
mit of the Devonian outcrop, it must be confined in some superior 
basin. Professor Hind also brought home a specimen of pro- 
ductuSj which had been given him by a half-breed, who had ex- 
tracted it from "solid rock;'' but he is disposed to discredit the 
authenticity of this reported ** solid rock," and to refer the fossil 
to some boulder transported from the south by floods and ice in 
the Bed river, although Mr. Billings, who examined it, says that 
" there seems to be evidence of the existence of at least a portion 
of the Carboniferous system in this region." The salt-bearing 
beds of the Carboniferous in the state of Michigan have since 
been brought to light, and they yield that state a very important 
source of wealth. Had this fsLCt been known by Professor Hind, 
it seems to me he would not so summarily have dismissed the idea 
of Carboniferous salt-bearing strata, and all other Carboniferous 
strata so plainly indicated by the single specimen of productus. 

The horizon from which the brine issues at Humboldt appears 
to be in the Cambrian. It seems to pervade several geological 
horizons, from the summit of the Devonian downward to the 
Potsdam — but only superficially, the original source being 
higher than the Devonian. It is confined by the overlying sheet 
of impervious clay of which the drift mainly consists in the Bed 
Eiver Valley, and is held under hydrostatic pressure by the 
downward pressing fresh waters that enter the same pervious- 
gravel-and-sand stratum at higher levels toward the east, south 
and west. Where the salt springs occur it finds escape to the sur- 
face through openings in the clay -sheet. These springs seem to 
be most frequent and copious in Manitoba, along a belt of 
country running east and west, where, for some reason, the drift- 
sheet is much less thick than it is further south. That brine so 
pure and so strong should be found at so great a distance, both 
stratigrajihically and geographically from its source, indicates 
the purity and strength of the brine in its native strata. 

It remains for the future to 'determine whether these salt de* 
posits shall become economically of importance to the North- 
west. It is certainly the dictate of wisdom to give them a thor- 



*ReporU of Progress, together with a preUmiii»ry aod general report on the Assiniboine and 
Saskatchewan Exploring Expedition. Original edition, quarto, p. 175. Henry Youle Hind. 
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ongh examination and a fair trial. If these brines originate in 
Carboniferous strata that strike through the base of Biding 
Mountain, they can easily be discovered in their native place. 
If those strata exist in that locality the strongest brine would 
naturally be found by sinking wells into them at some point fur- 
ther toward the south and southwest. 



A sample of salt made from this well was exhibited at the New 
Orleans Industrial and Cotton Centennial Exposition, this being 
the first ever made from brine native to the state of Minnesota. 
It was furnished by Mr. Valentine. 

Section of the HumboU 8aU WeU. 

This well is on the line of the St. Paul, Minneapolis & Mani- 
toba railroad, near St. Vincent, in Kittson county, S. i of sec. 23, 
T. 163, 50, five miles east of the Bed river of the North, and 
four and a half miles south of the international boundary. It 
is seven feet above the highest known flood stage of the river, 
i. e. for ten years. 

1. Son (8-12 inches black) 4 feet. 

2. Lacnatrine day, with lime concretions, appertaining to 
lake Agassiz. In this is fonnd good snr&ce water, and many 
wells stop in it. It is somewhat pervions to water, so much so 
that it sometimes aUows free entrance of good water. It is 
very fine and can hardly be called sand, thongh it is probably 

the same as caUed sand at the Lockhart iarm 4-16 feet. 

3. The same deposit as the last, bnt more impervioos, hence 
more moist, darker colored, grltless, and thought to be (wrongly) 
the cause of foul water. This is very slippery, rather darker 
than can be caUed *'blae clay," yet is apparently a downward 
continuation of the last 16-140 feet. 

4. Pebbly blue till; salt water at 165 feet in small quan- 
tity 140-160feet. 

5. Drift gravel and sand, supplying an abundant discharge of 
Mdt water, flowing over the sur&ce. This is mainly a gray sand, 
but contains drift pebbles as large as an inch, mainly of lime- 
stone - 170-180feet. 

6. Dolomitic limestone, of a grain and texture hke the lowr 
er w^ggn ftgiftn of southeastern Minnesota, in fragments obtained 

by driving a pipe into the drilled hole; of a buff color 180- 190 feet. 

7. ^Powder, of the color of the last; effervesces in NOg ; sup- 
posed to be the driUiugs obtained from the same rock at greater 

depth; very fine and unidentifiable by the naked eye 190-300 feet. 
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8. Powder, effBrresdng rapidly, oontainiiig some fine frag* 
ments of a oompact fine-grained limerock of a slightly reddish 

cast 300-400 feet. 

9. Fine drillings of a reddish limerock of shale, with some 
grains of white quartz. When washed the grains are seen to 

be mainly of limestone 400-475 feet. 

10. Reddish sand, of ronnded qnarte grains. The flow of 

salt water increased 475- 500 feet. 

11. White sand, of ronnded quartz grains. Flow of water 

still ftirther increased 500-532 feet 

12. Faintly reddish quartz sand, in ronnded grains 532 - 546 feet. 

13. *' Soapstone " shale, slippery, red and green, apparently 
in some alternation, the only representatives of this being in 
masses of powdered rock and firagments that adhered to the sides 
of the drill. When washed the grains consist of reddish and 

gray, or grayish-green shale with considerable white sand 5^ - 550 feet. 

14. The same in condition of wet paste, having a dark gray 

color ^ 550-556 feet 

15. The same, reddish-brown, or umber-brown 556-560feet 

16. The same, brown, but containing grains of a white min- 
eral which in the air turns to a white powder. It effervesces in 

nitric add 560-571 feet 

17. The same, but having a more liberal intermixture of a 
green color, so as to be in general considerably lighter. When 
washed this shows many bits of dark green shale, and also some 

of brown, as well as white sand 571-592 feet. 

18. Greenish-gray shale, the same as No. 13 592-610feet. 

19. Greenish shale, containing bits of grayish quartzyte that 

feebly effervesce in hydrochloric acid. This is unwashed 610 - 635 feet 

20. The same unwashed 635-638 feet 

21. Washed grains consisting mainly of rounded quartz 
(from above), angular, opaque, gray quartz, freshly fitustnred, 
and numerous scales and masses of mica. It appears as if the 
rock here struck is a greenish-gray, foliated, micaceous quartz- 
schist 638-639 feet 

22. Washed drillings, consisting mainly of bits of angular 
quartz (some, however, are rounded, probably from above), black 
mica scales, and angular grains of flesh-colored orthodase, and 
a white feldspar, evidently one of the Laurentian granites as 

seen at the Lake of the Woods 639-641feet 

23. The same, but cut much finer, and showing rarely a 

greenish scale as if of talc 641-644 feet 

The boring ceased «t 644 feet 

Other deep weds m the vaUey of the Red river of the North. 

Further information respecting artesian and other deep wells 
in the northwestern part of the state, and particularly in the 
valley of the Red river of the North, is contained in the sixth 
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annual report, in the eighth annual report (page 113), in the 
ninth annual report (page 166), in the eleventh annual report 
(page 146), and in the following letter from Mr. Springer Har- 
baugh: 

St. Paul, Minn., March 20, 1885. 

Ftof. N. H, Winchdl, State Geologist of Minnesota: 

Deab Sib: You have asked me to give my experience re- 
garding artesian wells in the Bed Biver valley, as well as other 
matters tha4} have come under my observation in this compara- 
tively new and undeveloped country. I will gladly comply with 
your request, and if I can impart any information that will be 
of interest to your constituency, or the country generally, I will 
be indeed gratified in so doing. We commenced our first farm- 
ing oj)erations on the Keystone forms, located in Polk county, 
Minn., and on the Lockhart farms, located in Norman county, 
Minn., in the spring of 1880. The first matter that demanded 
our attention was to find water for the large amount of stock re- 
quired in our operations. We sunk and curbed at both places 
several wells to the depth of from forty to sixty feet, and found 
an inexhaustible supply of water in all of them. In some of the 
•wells the water came up to within a few feet of the top, and at 
first it was sweet and good, but after a few days' standing it be- 
came so obnoxious that it was not fit for man or beast to drink. 
We then conceived the idea of drilling down a greater distance 
and casing with six-inch pipe. Our first effort was made at the 
liockhart farms, in 1880. After reaching a depth of about one 
hundred and sixty feet we struck an extraordinarily heavy flow 
of water, apparently sufficient to propel a mill with one set of 
burrs. At a distance it had the appearance of a monument 
thirty or forty feet high. During the winter of 1880-81 the pipe 
of this well became filled up with gravel and sand and stopped 
flowing. We endeavored to clean it out in the spring of 1881, 
but the well driller lost his drill in the pipe and it became so 
imbedded in the sand and gravel near the bottom that he was 
unable to extract it with his inadequate appliances, and we 
drilled another well a short distance from the first and struck 
water at about the same distance down, of large flow, but not so 
heavy as our first well, and which still keeps up a regular and 
undiminished supply, which we have carried into our buildings 
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through pipes, and thns we have a great abundance of water of 
the purest character for all domestic purposes. Fearing that we 
might again have trouble and possibly the pipe again become 
obstructed, we subsequently drilled another well at our Lock- 
hart form headquarters about seven hundred feet distant from 
our first well, and struck water at about the depth of one hun- 
dred and thirty-seven feet, and the flow and pressure was alarm- 
ingly heavy. Within twenty-four hours the water found vent 
alongside the pipe, making a large hole and fairly boiling up in 
such large and alarming quantities that we soon became inun- 
dated, and we at once concentrated a large force of ditchers from 
St. Paul and the neighboring towns, and constructed ditches 
several miles to the west, to carry off the surplus water. After, 
say a couple of weeks, this heavy flow somewhat ceased, and has 
since been principally conflned to the pipe with only a moderate 
and controllable quantity coming to the sur&ce outside the pipe. 
This flow through the pipe is still heavy and strong, and could 
be carried through hose to the highest points of most any build- 
ing. We sunk other wells on this farm, and cased with three- 
inch pipe, and have quite heavy flows of pure, semi-soft water. 
At the Keystone farms, in town 152, range 48, during and since 
1881 we have drilled eight artesian wells, and they all have reg- 
ular, continuous flows of pure, good, semi-soft water. With our 
first wells we used six-inch pipe, then three-inch pipe, and sub- 
sequently two-inch, which we regard suflaciently heavy for farm 
use. We struck water on this farm at from ninety-five to one 
hundred and twenty feet, with one exception, where we reached 
water at one hundred and fifty feet. At one point of this farm 
where the land is elevated about five feet above the 8urix)unding 
country, we drilled several test wells and found brackish arte- 
sian water at the depth of ninety feet, which we abandoned. We 
then determined to drill considerably deeper, and struck a pretty 
heavy artesian flow of milky, brackish tasting water, at the 
depth of two hundred and fifty feet, which we immediately 
abandoned, and then selected a point on lower ground, 1,200 feet 
distant, and found good artesian water at about the depth of one 
hundred feet. We have now eleven good and satisfactory arte- 
sian wells on both farms. In drilling these wells we penetrated 
through strata of earth about as follows: First through the usual 
black loam from one and a half to three feet in depth; then 
through a lightish clay marl from five to seven feet in depth ^ 
then through a blue clay varying from thirty to sixty feet in 
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depth; then a stratum of hard pan; then sand, and finally gravel, 
when water is generally struck. Between these strata we gen- 
erally passed through intermediate seams of quicksand and also 
seams of gravel. I will at this point state that the light clay 
marl, as well as the blue clay, appears to be fully impregnated 
and mixed with all the chemical and fertilizing elements requi- 
site to produce the peculiar kind and quality of grain that is be- 
coming so valuable and necessary for human food. I claim that 
our subsoils are strong and valuable fertilizers. The blue clay 
when first brought up is pliable, greasy, and of a puttyish na- 
ture, and when exposed to the air and dried it makes a valuable 
dressing for the land. It is, therefore, fair to suppose that we 
have dur fertilizing elements immediately under us for all time 
to come, and which gives inestimable value to the lands of the 
Bed River ^Valley and our Northwestern country. I am advised 
that the farmers of Clay, Norman, and Polk counties are sink- 
ing a great many wells, and have generally been successful in 
obtaining good artesian flows of pure water. 

Before closing this communication I beg leave to call your at- 
tention to the matter of natural gas, which, as you are aware, is 
attracting the attention of the people of Western Pennsylvania, 
West Virginia, and Northeastern Ohio, and working such a 
marvelous revolution in utilizing it for fuel and heating purposes 
in those sections of our country, and to such an extent that it is 
largely taking the place of coal in the various large manufetcturing 
establishments and in private families, at a comparatively small 
cost as compared with even the present cheap fnel of those sec- 
tions. This natural gas is obtained in drilling to the depth of from 
1,500 to 2,000 feet, and is frequently conveyed in pipes very many 
miles; the pressure varies, but it is extremely heavy. I merely 
advert to this matter to give you scientists and thinkers a little 
food for reflection. Is there any probability of our finding natural 
gas and reaching it at any practicable working depth in this north- 
western country? I am knpressed with the belief that our good Cre- 
ator has something in reserve for us, and that this great and good 
country will not have to be dependent for ages ui)on distant local- 
ities for this all important element to the comfort of mankind. 
Whilst it may be scientifically thought that Minnesota is located 
outside the belt where natural gas can be reached, I am still 
deeply impressed with the belief that eflPorts should be made 
whereby the question can be practically tested, and at least use 
the means to the end hoped for. Very respectfully, 

7 Spbingeb Habbaugh. 
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VII. 



THE DEEP WELL AT LAKEWOOD CEMETERY, 
MINNEAPOLIS. 



This well is situated on the south side of the cemetery, near 
the beginning of the tamarack swamp, which connects lakes 
Calhoun and Harriet, but on high ground, about 50 feet above 
the lake. It is 75 feet above the Milwaukee depot, or about 
900 feet above the sea. 

The following general statement of the drift was obtained from 
the Superintendent (F. M. Gray) and from observations on the 
drillings as they were shown during the progress of the work. 
Samples of these, and of the rock strata, to the bottom of the 
well have been preserved and are deposited in the General 
Museum for future reference and verification: 

1. Gravel and sand ; mainly referable to the blue tiU as its 
source. It is suitable for road-making; the upper portion of 
this, not noticed by Mr. Graj, consists of yellow loam, such as 
covers the most of the country, making the soil, having a thick- 
ness of 1-4 feet 135 feet. 

2. Yellowish, ochery, or rusted clay in which the stones, 
and all boulders, one of which was broken and brought up in 
fragments, have a ferruginous coating or weathering 135-138 feet 

[This seems to. have been the bottom of the old pregladal 
(rather interglacial) river gorge. It is evinced by t^ weathered 
material. A boulder of syenitic gneiss as large as a man's 
fist, which was said to have been brought up in the pump, was 
exhibited by the men at work. It was weathered and looked 
so much like a surface pebble, such as can be found anywhere 
now on the top of the ground, that at first this statement was 
disbeUeved. But when the Superintendent showed a piece of 
hard gray granite, evidently freshly fr-actured by the driU, hav- 
ing a red weathered exterior, I was inclined to beUeve that the 
pebble of gneiss also may have come from this depth.] 

3. BluetUl 138-212 feet. 
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4. Gravel and aand and bine till. This was changeable, and 
seemed to be as if latere tratified, bnt of eonrse that could not be 

stated on the basis simply of the pumpings 212-248 feet. 

5. Bonldere of Trenton limestone, and of granite, with some 
sand all more or leas involved with some blue till. The rock 
was struck next below this, and at a depth of 264 feet beneath 
the surface. This depth seems to demonstrate the existence of 
some great excavation in the strata, probabl j, as supposed in the 
report on Hennepin County,* the old gorge of the Mississippi 

river, at least in interglacial times 248-256 feet. 

6. Quart2S08e sandstone, in friable strata or massive, com- 
posed of rounded grains of pure quartz 256-276 feet. 

7. The same 276-296 feet. 

8. The same 296-318 feet. 

9. At the depth of 318 feet about one-half of the washed 
drillings are found to consist of dolomitic rock, and 
the rest of the same white sand. Some of the coarser frag- 
ments show that this dolomite is compact, fine grained, of a yel- 
lowish-gray color, approaching, in both respects, some of the 
strata of the Cambrian. Occasional fragments of crystalline 
rock, found in the drillings here, and before, evidently are de- 
rived from the drift below the point at which the pipe stands on 

the bonldere, etc, of No. 5 318-320 feet. 

10. At 325 feet the pumpings consist almost entirely again 
of white sand. Hence the dolomitic layera seem to have been 

not greater than ten feet in thickness 320-325 feet. 

[At this point some pebble or other obstruction in the drill- 
hole caught the drill and caused the breaking of one of the 
wooden poles, and a del^, the drill being lodged and wedged 
fast. When the drill was got started again and the pumpings 
were preserved, the samples exhibited (Aug. 15) were said to 
have come from the depth of 360-403 feet, and nothing was said 
of the interval between the last preserved record (325 feet) and 
360 feet. Hence there is no certainty whether it contained drill- 
ings like those at 325 feet or at 360 feet.] 

11. Slightly red, fine grained, dolomitic rock, of homogene- 
ous characters... .' 360-403 feet. 

12. About one-half of the drillings aie like the last, and the 
rest are of rounded, white, translucent, quartz-grains like the 
next. It is probable that the mixture is occasioned by the in- 
^reqnency of the pumping, and not by an original mixture in 
the rock. The transition from dolomite to sandrock took place 

in this interval 403-416 feet. 

13. Translucent, rounded grains of quartz, almost nothing 

else 416-424feet 

14. The same as the last. At the time of this visit the work- 
men exhibited some fragments consisting of white chert coated 



• Fifth Annaal Keport, page 177. 
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with fine rhombohedrons of dolomite of the same reddish color 
as the rock at No. 11, with a few scattered cabes of pyrite, bat 
they could not assign any definite horizon to them, saying they 
picked them ont of the pnmpings. They are probably from the 
reddish dolomite, bat may be from the top of the sandrock when 
the passage from one to Ihe other is apt to alternate from sand- 
rock to dolomite in thin beds accompanied by chert 424-434feet. 

14. White qnartz sand, ronnded 434-481 feet. 

15. White qnartz sand, with traces of light green shale, and 
occasional small, aggregated, clastered, cabes of pyrite, the dus- 
ters being abont the size of mustard seeds 481-504feet. 

16. White quartz sand, rounded, with some green shale. In 
mass this does not appear so clearly white as the last two, but a 
dirty white, apparently due to some soft, colored material 
ground up by the drill, which, on getting dry cements the sand 

grains into fragile lumps 504-558feet. 

17. White sand and green sand, the latter mainly ground to 
a fine powder, so as to stain the whole and make a greenish, 
fragile, loose mass, when dry. Some of the green sand is like 
the distinct green sand lumps seen in the St. Croix, at Red 

Wing 558-607 feet. 

[The interval unrepresented by drillings, from 607 feet to 694 
feet, probably was made up of the same as the last, or, perhaps, 
more like the next.] 

18. Whitesand 694-763 feet. 

19. Mainly white sand, but having a mixture of other 
grains that are not silica, and of a heavy cementing substance 
that, when dry, seems to be a powdered rock of some sort, of a 
light buff and pinkish color. The mass, however, 4pes not ef- 
ftovesce. Some scattered grains are green and soft, and may be 

the source of the coloring cement. 763-780 feet. 

20. Green clay or shale; non-effervescing, very fine grained.. 780 -935 feet. 

21. White sand, with a faint yellowish tint 935-1005 feet. 

22. Siliceous sand, with a faint pinkish tint, rather fine 1005 -1010 feet. 

23. Siliceous sand, with a deeper pinkish tint, rather coarse 
grain, some of the grains being amethystine, and others of a 

light yellow color 1010 -1060 feet. 

24. Siliceous sand like the last, but of a lighter color 1060 - 1 105 feet. 

25. The same, but cemented, when dry, with ground-up, 
reddish shale, probably derived from some beds introductory to 

the next 11 05 -1123 feet, 

26. Compact, red clay, or shale, like that seen at Fond du 

Lac, below the red sand rock, and interstratified with it 1123 -1167 feet. 

[At some places between 1123 and 1167 feet, several pieces of 
red shale, mottled with light green, were brought up by the 
pump. Some of tht-se are two inches across. They are fine- 
grained, gritless, and sparkle with fine flakes of talc or mica. 
The green portions of this shale are finer grained than the red, and 
also are harder. The red has a powder that is reddish-umber in 
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color, and the green partB have a powder nearly white, or at 
least greenish-white. Within the green can be seen, under the 
loop, scattered, distinct grains, of much darker green, nearly 
black, which are aboat as hard as talc, and mash easily under 
pressure, with a greenish powder. The greenish shale seems to 
be subcrystalline. It occupies patches that are broad but thin, 
»nd constitutes but a small part of the whole; but it is intimately 
blended with the red in structure. According to Mr. Gray, 
this reddish-brown shale gradually became harder, and at 1235 feet 
it was a hard rock, and continued so to at least the depth of 1286 
feet, where the drill was at work when this information was ob- 
tained. 

At 1235 feet a somewhat harder stratum was reached. The 
drillings have a reddish color, but show angular fragments of 
g^y or greenish slaty rock, soft, gritless, glittering with fine 
flecks and resembling Noe. 450 and 452 of the geological sur- 
vey series (blue), but less hard. These fragments evidently 
show the nature of the rock at this depth, the red color of the 
drillings being caused by intermingling with material from 
the overlying beds, the well at this depth not being piped . Some 
of the fragments of gray or light green shale are »n inch across. 
The sand grains, and all the reddish coloration, are undoubtedly 
fix>m the higher strata. The gray-green shale is fragmental, not 
crystalline, except as it may contain grains from the crystalline r 
rocks, glitters with light-colored scales of mica, macerated by 
water and friction, and also holds rounded grains of a green 
subetance, which outwardly is nearly black but within is much 
lighter, and which mashes easily, evidently the same substance 
as mentioned already.] 

27. Reddish-brown schist, hardness about four and one-half 
or five, with a gray streak or powder, glistening with reflecting, 
minute points of some mineral which it is impossible to name, 
but which may be mica scales. This has the general outward aspect 
of an impure hematite, but^its powder and its weight show it 
is not an iron ore of any kind. On washing a considerable 
quantity of the drillings from this interval (really labeled from 
1260-1380 feet), the residue consists of grains of a great variety 
of rocks, demonstrating that great care must be taken in draw- 
ing inferences from the appearances of the drillings furnished by 
the usual well driller, and that the drillings from the upper por- 
tions of the well are constantly mixed with those derived from 
below, in such abundance often as to screen entirely the true 
character of the lowest strata from the notice of the geologist. 
Th« grains in this instance consist of the following kinds : ( 1 ) Con- 
^icuously, white, limpid sand. (2) Brown schist, with a gray or 
light streak, making the greater part. (3) Soft greenish slate. (4) 
Bed, soft shale with spots of green. (5) A few bits of an arkose-like 
sandstone, with a pea-green interior color. (6) A gray, hard, fine- 
grained schist, not foliated like (2), but having an angular 
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fracture, as if massive, and (7), A single, large piece, of a 
dark, medium-grained, massive rock, like a dioryte. These 
last, (6 and 7), evidently are Arom near the bottom of the drill, 
as they are the last to appear among the drillings 1167 -1400 feet. 

8UMMAEY OF THE WELL DRILLED AT THE LAKE- 
WOOD CEMETERY. 

1. Drift, 1-256 feet 256 feet. 

2. White sandrock, 256-318 feet 62 feet. 

3. Dolomitic rock, 318-403 feet 85 feet.. 

4. White quartz sandrock, 403-504 feet 101 feet. 

5. White quartz sand and green sand, 504-780 ft. 276 feet. 

6. Green clay or shale, 780-935 feet 145 feet. 

7. Siliceous sand, yellowish or pinkish, 935-1105 

feet.... 170 feet. 

8. Soft red shale and sandstone, with greenish 

mottlings, has red powder, 1105-1167 feet... 62 feet. 

9. Harder, reddish-brown rock, not arenaceous, 

a schist, has light gray powder, 1167-1400 

feet 233 feet. 

The boring ceased at 1400 feet. 

The drilling of this well was subsequently continued to the 

depth of feet. At 1860 feet the washed drillings consisted 

largely of white, limpid, rounded quartz grains, from above, and 
of a gray, tough crypto-crystalline rock, which showed the na- 
ture of the rock at that depth, resembling many of the strata 
seen in the rocks at Thomson and thence to Knife Falls, of which 
the survey numbers four hundred and sixty-nine and four hun- 
dred and seventy-three might be mentioned. Some larger frag- 
ments were black and graphitic, and throughout the whole were 
numerous battered films of metallic iron from the drill. 
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VIII. 

NOTES ON THE ARTESIAN WELLS AT MENDOTA, 

HASTINGS, RED WING, LAKE CITY AND 

BROWNSVILLE, AND ON THE DEEP 

WELLS AT ST. PAUL. 



The weU at Mendota was drilled by W. E. Swan, and the fol- 
lowing designations are his. The point at which the well be- 
gins is sixty-five feet above the Mississippi river, within the 
river gorge, and so near the rock bluflf composed of the Trenton 
limestone and the St. Peter sandstone that the drill encoantered 
some of the old, fallen masses of the limestone at some depths 
below the top of the St. Peter, which is visible in the immediate 
bluflf abont fiflby feet distant. The St. Peter sandstone rises forty- 
seven feet above the top of this well. The top of the well is 
about seven hundred and fifty feet above the sea. 

No. 1. Limestone. [FalleD masses of the TreDton — N. H. W.]... 22 feet. 

No, 2. Brown saodrock 60 feet. 

No. 3. Bine shale 30 feet. 

[This, which here is designated hlne shale, is probably not all bine shale. It 
holds the place of the Shakopee limestone, and is abont on the horizon where 
the known npper strata of that formation, abont a mUe east of Hamilton, with 
the theoretical dip that mnst be assumed toward the northeast, wonld reqnire 
the Shakopee. The Shakopee everywhere in Scott and Dakota connties causes 
remarkable bogs, indicating the impervious, shaly nature of the formation. 
Moreover, it becomes arenaceous, as well as sbaly, as may be seen at Northfield. 
Its firmness, under erosion, is reduced by these qualities, and It also is less 
frequently seen— N. H. W.]* 



•According to Rev. James Dobbin, the following alternations of strata were found in sinking 
a well at the Shattuek School, Faribault, indicating that the top of the Shakopee there was 
found to be a blue clay 6 feet thick: Clay soil, 9 feet; limerock, 21 feet; sandrock, 117 feet; atilT, 
bine clay, 5 feet; fine, brown sand, 8 feet; striking a very hard stone, which was regarded 
granite, but which was probably the firmer dolomitic beds of the Shakopee, which can be seen 
in the valley of the Cannon river, a few miles further north, and near the Cannon Valley roller 
mill. 



Digitized by VjOOQIC 



56 THIETEENTH ANNUAL REPORT. 

No. 4. Sandrock 35foet 

'* 5. Magnesian limestone 145 ^' 

** 6. Sandrock 95 ** 

** 7. Gray shale 50 ** 

" 8. Green shale 110 ** 

** 9. Limestone 10 " 

" 10. Blue shale 30 *» 

** 11. Sandrock 50 " 

" 12. Gray shale 40 ** 

"13. Green shale 35 '* 

"14. Very hard red sand rock, enclosing beds of red shale... 145 *' 



Total 857 feet. 

"No. 5 of this well seems to be the same limestone that outcrops at Hastings. 
We struck a crevice when we got 40 feet into this stratum, from which the water 
began to flow at the rate of 40 gallons per minute. A second flow of water 
was obtained from No. 11 (sandrock). When we got through that sandrock, 
the well flowed 300 gallons per minute. After we got through drilling we tubed 
the well and separated the upper vein of water from the lower vein, and we 
found the lower water to be much softer than that which comes from the upi»er 
vein. We also fouud that the water from the lower vein rose 14 feet above the 
sur£eM3e, while that from the upper vein would only rise 4 feet. No water was 
obtained from the red sandrock (No. 14) ; there was no increase in the flow 
after passiug through No. 11.'' 

The Hastings deep well was drilled by W. B. Swan, and tUe in- 
formation here given respecting the character of the strata is 
derived from his notes and from a series of the preserved drill- 
ings which he has furnished. This well is located at the depot 
of the Chicago, Milwaukee and St. Paul railway, about seven 
hundred and ten feet above the sea, and about ninety feet below 
the top of the St. Lawrence limestone as exhibited in the blufis 
adjoining. The water rises fourteen feet above the surface. 

1. Dolomitic limerock. St. Lawrence 80 feet 

2. Sandrock 15 " 

3. Dolomitic grit, (Mr. Swan designated this limestone) 12 "' 

4. Sandrock, supplying no water 95 ** 

[Some of this is coarse and some is fine. In the lowest 
ten feet the drillings contained fragments and rusty tubes 
that recall the tubes in the St. Peter sandstone described 
in Vol. 1. p. 656, but these are much firmer.] 

5. Sandy shale, white, mostly sand 25 *' 

6. Gray shale, with much sand and some dolomite 43 '^ 

7. Green shale, t. e. sand and green sand 20* ** 

8. Green shale, probably pulverized green sand 110 '* 
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9. Sandy shale, sand and green sand 15feet 

[Nos. 6, 7, 8 and 9 may all be described as sand and 
green sand.] 

10. Sandrock with a few Inmpe of iron pyrite 20 ** 

11. Sandrock with a few Inmpe of iron pyrite 20 ** 

12. Sandrock with more iron pyrite ; first flow of water 20 ** 

13. Gray, sandy shale 20 ** 

14. Blneshale 70 '* 

15. Sand and pulverized green sand 20 ** 

16. Dolomitic grit with gray shale and sand 5 *' 

17. Sand rock with Inmps of iron pyrite and dolomitic grit 

Second flow of water 5 ** 

18. Sandrock with some pyrite 25 ** 

19. Sandrock, coarse 10 " 

20. Sandrock 10 »' 

21. Sandrock, coarse 10 ** 

22. Sandrock 100 ** 

23. Sandrock, coarse 30 ** 

24. Sandrock, fine and coarse, some grains one-qoarter inch 

in diameter, one of black quartzite, with traces of red shale... 40 ** 

25. White quartz sand, mixed with pinkish, apparently or- 
thoclose sand, and some grains of red and black quartzite 

26. Red shale, with some white quartz sand 

27. Red and white sand with pieces of battered metallic 
iron, doubtless from the drill 

28. Red shale 

29. Mainly white quartz sand, but tinted red by bits of 
shale and other red grains; contains bits of metallic iron 

30. The same but more red 

31. The same; the shale is soft and has a red powder, like 
hematite. 

Total depth 

This well fiows about one hundred gallons per minute and raises the water 
fourteen feet above the surface. There seems to be a very small portion of 
salt in the water. We all expected to get a large flow at Hastings, and were 
greatly disappointed at the result. 

The Red Wing well is at and on the same level as the depot of 
the CJhicago, Milwaukee & St. Paul railway and hence six 
hundred and eighty-seven feet above the sea. It was drilled by 
Mr. W. E. Swan, and the Information below is derived entirely 
from him. It begins and ends in the St. Croix formation. 
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No. 1. Sand and gravel 401eet. 

"2. Sandy shale 10 ** 

** 3. Blue shale 50 '* 

" 4. Sandrock 10 ** 

** 5. Blue shale 30 *' 

** 6. A mixture of sand, quartz and limerock 45 *' 

*' 7. Soft sandrock.- 285 ** 

Total 450 feet. 

*' This well flows eight hundred gallons a minute at the surface, above which 
its water rises, when confined in a pipe, to the height of seventy-five feet. It 
is the largest flow for the depth that I have seen in my experience of twenty- 
one years. It began to flow over at one hundred and ninety feet from the sur- 
face and kept on increasing to the end. We stopped drilling in [at] the red 
sandrock. I have no faith in getting aa increase of water after we strike it, 
as it always gets very hard, so that we cannot drill more than sixteen feet in 
twenty-four hours, while in the sandrock where we get our flow, we have 
sometimes drilled fh>m five to fifteen feet an hour.'' * 

The Well at Lake OUy was also drilled by Mr. W. B. Swan. 
He has supplied the survey with a series of the drillings in bot- 
tles. His designations were published in the Museum report 
for 1881, [tenth annual report, p. 161], and are here repeated 
with such corrections as a study of the drillings requires. This 
well passes through a considerable thickness of drift, showing 
the great depth of the Mississippi gorge at that place, being at 
least two hundred and ten feet below the top of the well. The 
depot at Lake City is seven hundred and five feet above the sea. 
and this well is on the same level, and forty-one feet above the 
low water level of lake Pepin. The well begins in the St. Croix 
formation. 

1. Black soil 2ftet. 

2. Yellow clay 40 ' 

3. Gravel and sand 160 '* 

4. Fine loam-clay 5 '* 

5. Sand, this seems to be the beginning of the rock 18 *^ 

6. Coarse sand 7 *' 

7. Sand 208 *' 

8. Sand, rusty or stained with light red shale 5 *' 

9. Sand, very coarse, white grains often fractn*'ed 15 * ^ 

10. Sand, stained with red shale, and with flesh red grains 35 ** 

11. Sand 5 ** 

12. Red shale and sand; shale is soft and has a red powder... 230 *' 

Total depth 820 feet. 

* Col. Wm. CoItHI says that at Christ's Brewery, Red Wins, !■ a deep well that spouu ibre« 
hundred barrels per day, rising thirty feet above the surface — one hundred and sixty feet In 
drift and one hundred feet in sandrock— eighty rods west of the Milwaukee depot and three 
rods south of the track and thirty feet above it. 
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The artesian well at BroumsmUe^ in Houston county, was an ex- 
periment for increasing the supply of water to the grist mill of 
Messrs. Shaller Brothers. According to Mr. Swan, who drilled 
the well, the discharg'eis 1,000 gallons per minute, soft water, and 
granite was reached at 690 feet, where the work ceased. The 
mouth of this well may be 25 feet above the Mississippi river, 
or 660 feet above the sea, and the water rises 12 or 14 feet above 
the surface of the ground. The Potsdam seems here to have been 
wanting, and the St. Croix deposited unconformably upon the 
granite. 

No. 1. Blue clay 40 feet. 

No. 2. Limeeione. [Donbtftil, probably a dolomitic grit — N. H. 

W.] 26 feet. 

No. 3. Blue shale 60 feet. 

No. 4 Green shale 70 feet. 

No. 5. Sandrock 395 feet. 

Total 590 feet. 

The first weU driUed at the 8t. Paul Harvester Works, in 1882, 
was in the rattling, or chipping, room of the foundry, at a height 
of about fifteen feet above Phalen creek near by, or about 863 
feet above the sea. * This well was drilled by N. W. Gary, to 
the depth of 582 feet (claimed by Mr. Gary to be 602 feet), when 
his work ceased. In the winter of 1882-3 it was continued, by a 
diamond drill, under the management of Joseph Susor, to the 
depth of 626 J feet. The only samples preserved from this well, 
so far as known, were from the part drilled by Mr. Susor. They 
are from 10, 20, 30, and 44 feet below 582 feet. These are pul- 
verized, darkish gray, shaly, siliceous, probably dolomitic, 
agreeing with the core obtained from the second well at a cor- 
responding depth. Owing to the supposed bed of iron and iron 
ore (reported to be very hard to drill), in the first well a second 
one was driUed, at a point about fifteen rods north from the 
first, on land about eight feet higher, or approximately 871 feet 
above the sea. Mr. Gary drilled in this well, during the summer 
and autumn of 1882, to the depth of 515 i feet. Mr. Susor, with 
a diamond drill, x>enetrated 156 feet ftirther, or to a total depth of 
6711 feet. A very complete set of the samples from this well 

•The railroad at the Union I>epot, 8t. Paul, is 701.5; water in Phalen creek, at the highest 
crossing of the St Paul. Stillwater and Taylors Falls Railroad, 845; water in this creek at the 
Haryester Works, 848; Phalen lake, 854. Concerning the alleged discovery of a deposit of metal- 
Jlc iron and magnetic iron ore in this well, beginning at the depth of 560 feet, and reaching be- 
ow at least 42 feet, see the Pioneer Press for August 24, 1882. 
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were courteously supplied by Mr. Kirk, from the drillings pre- 
served in the ofl&ce of the Harvester Works at St. Paul. Mr. 
Gary drilled a hole six inches in diameter; the core obtained by 
the diamond drill is about an inch in diameter. The water stands 
constantly in each well at 35 or 40 feet below the surface. The 
following descriptions of these drillings are essentially as prepared 
by Mr. Upham. Bock was reached at 235 feet. 



No. 1. Dark, sandy and clayey loam 1-lOfeet. 

' 2. Gray sand and fine gravel containing pebbles np to 

three-qnarters of an Inch in diameter 10-20 " 

* 3. Same, with pebbles np to one and a half inches in 
diameter 20-30 " 

* 4. Yellowish coarse sand 30-40 " 

' 5. Yellowish sand and gravel, with pebbles np to one- 
half inch 40-50 " 

' 6. Yellowish sand and fine gravel.. 60-60 *' 

* 7. Light gray sand and fine gravel 60-70 ** 

* 8. Light gray sand and fine gravel 70-80 ** 

* 9. Light gray sand and fine gravel 80-90 ** 

* 10. Light gray, fine sand and pebbles np to one and one- 
half inches, slate, greenstone, etc 90-100 ** 

* 11. Light gray, fine sand and pebbles np to three-quarters 
of an inch, including some of granite 100-110 ** 

* 12. Light gray sand and gravel, with small pebbles of 
granite, greenstone, etc 110-120 *' 

* 13. Light gray sand and gravel, with small pebbles up to 
one-half inch 120-130 ** 

* 14. Light gray sand and fine gravel 130-140 " 

' 15. Light reddish gray sand, with rare green stone peb- 
bles up to one and one-half inches in diameter 1 40-160 * * 

^ 16. Light reddish gray sand, with pebbles (rare) up to 

two inches in diameter 160-160 " 

* 17. Light reddish gray sand, with pebbles up to one and 
one-half inches 160-170 " 

* 18. Light gray sand, with pebbles up to one inch in diam- 
eter 170-180 '' 

* 19. Coarse gravel, largely made up of pebbles (from the 
northeast) up to one and one-half inches 180-1 90 * * 

^ 20. Similar to last but containing more sand intermixed 190-20C ** 

* 21. Same, mostly finer, but with occasional pebbles up to 
two inches, (one a reddish porphyry, from Lake Su- 
perior) 200-210 ** 

' 22. Coarse gravel, mostly pebbles up to two inches, with 

little sand 210-220 ** 

* 23 Yellowish sand, with few gravel stones, (these proba- 
bly from the stratum above) 220-230 ** 
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'* 24. The pulverized drilling contains a large proportion of 
broken, angalar fragments (np to one-third of an 
inch) of ba£f magnesittn limestone (with eome sand 
and gravel stones); the rock is said to have been 
stmck at two hundred and thirty-five feet 230-240 * ' 

** 26. Light yellowish, very fine powder, slightly caked in 
the box, including no coarse particles or fragments; 
efiervescing freely 240-250 " 

*^ 26. Light bufi'; drillings intermediate in character be- 
tween the last two 260-260 ** 

' ' 27. Similar to last, but more arenaceous, mainly very fine, 
granular (fractured), angular (also containing sand 
and occasional small p^bles, doubtless from above 
two hundred and thirty-five) 260-270 " 

^* 28. Light buff magnesian limestone, in ^e (from dust up 
to one-twelfth of an Inch) angular fragments, with 
grains of rounded quartz 270-280 '* 

'* 29. Magnesian limestone, yellowish buff, containing a 
considerable proportion of white quartz particles, 
some of them rounded by water, up to one-twentieth 
of an inch in diameter, with arenaceous chert and 
quartz geodes 280-290 ** 

** 30. Mostly very fine yellowish powder (dust) nearly like 
No. 26, but also containing frequent angular par- 
ticles up to one-quarter of an inch in diameter, of 

magnesian limestone 290-300 '* 

[The samples from three hundred to three hundred 
and fifty were wanting and could not be found nor 
learned of This part is probably limestone, which 
lies both above and below.] 

** 36. Mostly fine, light gray powder, with angular frag- 
ments up to one-eighth of an inch, of fine grained 
magnesian limestone that effervesce freely 360-360 *' 

* * 37. Sandstone ; light yellowish, fine, largely (half or more) 
composed of white quartz grains, well rounded, up 
to one-thirtieth of an inch in diameter, with dolo- 
mitic powder 360-370 ** 

'' 38. Limestone; light yellowish buff, nearly like No. 36, 

excepting color 370-360 ** 

** 39. Sandstone; light gray; all the grains water-rounded 
mostly one-sixtieih to one-twentieth of an inch in 
diameter, or finer; none coarser than one-twentieth 
of an inch 380-390 ** 

*' 40. Same as last, mostly beautifully rounded white quartz 
grains, with pieces of coal, metallic iron and fnmace 
slag 390-400 " 

** 41. Same as last, becoming more yellowish, with a few bits 

of coal and I attered scaUs of metallic iron 400-410 ** 

"' 42. Same, with a few grains of shining black coal and 

scales of metallic iron, the latter largely oxydized... 410-420 '' 
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*' 43. Same, but finer and whiter ; grains not exceeding one- 
fortieth of an inch, all well ronnded, with some 
pjrite, and a few iron scales 420-430 " 

*' 44. Same as last; very light yellowish, with slight traces 

of coal and iron scales 430-440 *^ 

*' 45. Same as the two preceding, with a few grains of pyrite 
with grains of rounded quartz firmly cemented to 
them and scales of iron 440-450 ** 

** 46. Still finer water- worn sandstone, very light gray, 

almost white 450-460 ** 

** 47. Coarse (up to one-twentieth of an inch), with much 
also that is very fine; yellowish gray; well water- 
worn, with iron scales (rusted) and grains of a black 
scoria; also contains traces of green shale and some 
dolomitic powder 460-470 '* 

*' 48. Very fine; very light yellowish; well rounded; much 
like No. 46, with coal (anthracite), one piece being 
three-tenths of an inch in diameter; scoria and scales 
of iron 470-480 ** 

'' 49. Very fine; light leaden gray, arenaceous (and perhaps 
dolomitic) shale; (caking somewhat in the box) efier- 
vesces 480-490 " 

*' 50. Very fine (more so than last) light dusky gray, aren- 
aceous shale; caking harder than the last 490-500 ^' 

** 51. Similar to the last but more arenaceous, with much 
sand of white quartz, up to one-hundredth of an 

inch in diameter 500-515 ' 

[ At five hundred and fifteen fett the pulverized 
drillings stop, and the remainder of this well is rep- 
resented by samples of the core of the diamond drill, 
about one inch in diameter.] 

Core from Diamond Drill. 
At 555 feet. (^ray, compact and hard, fine-grained eand- 

" Core at 40 feel (six inches " of core), rock, probably dolomitic ; inclosing occasional 

shaly, darker laminae, and having in some 
portions dark specks of greensand. 

At 578 feet. Same as the preceding. 

" Jan. l8t, 1883 : at 63 ft.,— 18 inches 
of core." 

At 590 feet. Ligbt yellowish buff, compact and hard, 

"75 feet— 12 inches of core." very fine grained sandrock, probably dolo- 

mitic; containing mica scales (?) [very mi- 
nute shining faoettes] ; (not shaly and having 
lees greensand.) 

At 626 feet. Similar to the last, but with light green 

"111 feet— liinches of core." Streaks and irregular blotches, up to one- 

• quarter of an inch thick, vertically, yet not 

more than three-quarters of an inch long, 

thinning at each side to one-twentieth of an 

inch or less in thickness; some fine shale. 
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At 050-660 feet. Hard aod compact, alternately arenaoeoos 

"Jan. 8th. This is firom 185 to 145 feet, and shaly, probably dolomitic: in color about 

Joseph Susor." one- tenth part buff; aboutone-half dusky gray ; 

(About 5 feet of core.) and about two-fifbhs dark green. The layers 

of dark greenaand not so hard as the other 
portions, vary firom one twentieth of an inch 
to two or three inches in thickness, being 
interbedded with the dnsky and buff layers 

The deep well at Elevator JB., St. PatU, is situated near the cen- 
tre of the southwest quarter of the southeast quarter of section 
twenty -five, about three and one-half miles west from the Har- 
vester Works wells, beginning about eight hundred and fifty- 
five feet above the level of the sea. The drillings from this well 
were examined by Mr. Upham, through the courtesy of Mr. W. 
S. Zimmerman. The entire depth is eight hundred and fifty 
feet, drilled by N. W. Carey. Water stood at thirty -five feet 
below the surface during the entire progress of the work. 



1. 
2. 
3. 
4. 

5. 
8ha1y.< 



Dark gray, fine sand, at 40 feet. 

Dark gray, fine sand 40-58 feet 

Light gray, shaly limestone 58-63 feet. 

The same 63-69 ** 

Light yellowish gray, very fine grained, arenaceous (?) 

69-83 

6. Fine grained, white sandstone 83-235 

7. Light gray; somewhat argillaceous, fine grained, appar- 
ently sandstone 235-265 

8. Buff magnesian limestone in angular fragments 265-300 

9. Fine grained, white quartz sandstone, water-rounded 300-320 

10. Buff magnesian limestone 320-335 

1 1 . Fine, light yellowish powder, no grains visible 335-:i75 

12. White sandstone, in small part iron rusted, water-rounded 375-436 

13. Light buff, gritty stone, like the core of the diamond drill 
in the Harvester Works well 436-437^ 

14. Sand, light gray, or nearly white 437J-478 

15. Light gray shale 478-515 

16. Very fine bluish shale 515-523 

17. Very fine, light gray shale 523-529 

18. Very fine, light yellowish gray sandstone, somewhat 
argillaceous. 529-540 

19. Very fine sandstone, with some dark green grains 540-560 

20. Very fine shale, olive green 560-589 

21. Nearly the same as the last, with some sand 589-604 

22. Light gray shale, with some sand 604-672 

23. Fine grained sandstone, dark gray 672-738 

24. Light gray shale, very fine grained 738-761 

25. Unknown 761-850 
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The well at the Harvester Works apparently struck the St. 
Lawrence, the depth to the rock indicating the absence of the 
Shakopee and Jordan. The well at Elevator B exhibits some 
irregularity. The " blue shale'' which at Mendota seems to rep- 
resent the Shakopee, below a thickness of a hundred and twenty- 
nine feet of sandstone (including forty -seven feet visible in the 
foce of the bluff), is not mentioned at all. It may have been 
passed without being noted in the one hundred and fifty-two 
feet reported as sandrock, or it may be represented by Nos. 7 
and 8. In the latter case it would coincide with the recognized 
dip of the Trenton between Mendota and Elevator B, which 
amounts to about twenty -five feet, bringing the top of the Shak- 
opee at Mendota at about six hundred and fifty-five feet above 
the sea level, and at Elevator B six hundred and twenty feet. 
The underlying white sand (twenty feet) would be the Jordan, 
which in the Mendota well is reported to be thirty-five feet. 
This parallelism, however, requires the reduction of the St. Law- 
rence from one hundred and forty -five feet, reported in the Men- 
dota well, to fifty-five feet as reported in the Elevator B well. 
The same stratum at Lakewood cemetery is given at eighty-five 
feet. 

Any person who has had occasion to record and compare the 
reports of well-drillers, or to obtain the drillings of wells for his 
own examination, will appreciate the difficulties and the uncer- 
tainties of such records. The drillings are not careftilly pre- 
served; the depths from which they are obtained are not accu- 
rately stated, nor even known, and the changes in the rock from 
stratum to stratum cannot be located with precision. Some broad 
stratigraphic distinctions can generally be made out. 

In the case of the wells foregoing it seems necessary to state 
that the Shakopee formation dwindles toward the north and 
northeast in this latitude, as already well known further south. 
The sandy and clay constituents increase at the expense of the 
calcareous. This is true also of the St. Lawrence, which at 
Hastings, and apparently at Stillwater, embraces one or more 
strata of white sand from ten to twenty feet in thickness. These 
are comparable to these thinner beds of white sand that are in- 
tercalated in the Shakopee, seen at Northfield. 
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IX. 



FOSSILS FROM THE RED QUARTZYTE AT PIPE- 
STONE. 



About the middle of October, on the occasion of a visit to 
Pipestone to obtain specimens for the World's Cotton and Cen- 
tennial Exposition at New Orleans, in a cursory examination of 
a lot of the pipestone material in the possession of Mr. C. H. 
Bennett, certain markings were noticed that had the aspect of 
small fossil shells, and on some further search several slabs were 
found which had great numbers of the same impressions thickly 
scattered over the surface of the bedding side. Subsequently 
other slabs were found at the Indian quarry which had the same 
marks freshly exposed by recent operations at the quarry. 

These fossils occur in the blood-red catlinite, which is the only 
kind used by the Indians, though it is possible that they can be 
found also in the light-colored slabs. They consist of thin lenses 
about six millimetres in diameter, imbedded in the otherwise 
homogeneous pipestone. They might be taken for inorganic 
flattened concretions were it not that they exhibit indistinctly 
some evidences of organic structure, and when they are removed, 
along with more or less of the pipestone material, the portion 
removed, embracing the powdered white scales, shows, on chem- 
ical analysis, the presence of phosphate of lime. 

Subsequently Mr. A. W. Barber, of Yankton, Dakota, found 
a trilobitic form among the debris of the old Indian quarry, and 
it is described below, with his name, as a specific designation. 

LINGULA CALUMET. 

The shell, so fiEir as can be determined by the fossil remains, 
was very thin and fragile, containing some phosphate of lime, 
and nearly circular, averaging somewhat less than a quarter of • 
9 
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an inch across. When freshly uncovered it is of a light flesh 
color, and resembles the light colored spots that have often been 
mentioned in the blood-red catlinite, but is much lighter. That 
these light spots, however, are distinct from those, and differ- 
ent, is evident at a glance. Those light spots have no constant 
form nor size within the rock. They vary from the size of pin- 
points to areas covering several inches. They are not so related 
to the structure that they are uncovered by splitting the rock 
along its bedding planes, but are as likely to be exposed by a 
fracture across the bedding. They do not wear away readily by 
friction, but enter the mass of the rock, while these are so thin 
that a short exposure to the weather destroys them, leaving only 
the outline of the shell, either the interior or exterior, outlined 
in the blood-red catlinite. A section across them is all of the 
same color; that across these shows a thin scale of the light col- 
ored matter embracing a small lenticular mass of the same as- 
pect as the main mass of the rock, of a blood-red color. Those 
are disseminated porphyritically through the mass of the rock; 
these lie only in thin sheets (apparently only in one plane) coin- 
cident with the bedding, their flatness being in that direction in 
which a thin bivalve would necessarily lie on the bottom when 
acted on by sedimentation. 

These lenticular bodies, when both valves are preserved in 
apposition, are about one-half millimeter in thickness; and when 
only one valve is present there is only the form of the shell pre- 
served, with the merest trace of a se^ale, that probably repre- 
sents the shell itself. 

There is in some instances a very indistinct, rude, lamellose, 
concentric marking on the exterior. On the interior of the 
valves, /. €,, on the concave impressions, there is quite fre- 
quently a distinct, marginal, flat band, which is separated from 
the central part by a faint ridge. This ridge may have marked 
the limit of the general visceral cavity.* The beak of the longer 
valve is rarely seen in its prolongation beyond the other valve; 
but there is very often an impression that shows a decided elon- 
gation of the shell, such that it could not be described as circu- 
lar. The smaller valve approaches nearer the circular form. 
The following figures show some of these features, magnified two 
diameters. Most 6f those indistinct markings are similar to 



* Tbe appearance of this marginal ridge, in its undulating course, is very aluiilar to that rep- 
resented in Obolus ApoUinU, by fig. 282, pi. ix, of Davidson's Introduction to British Fossil 
• Brachiopoda, toI. 1. 
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those of lAngula inchoans, Barr., illustrated by figures 74 and 76 
of Barrande's Faune aUurienne des environs de Hof^ en Bavlere. 
This shell, however, is about double the size of that. 

EXPLANATION OF FIG. 6.— PLATE L 

Fig. a. Impression of the beak of the longer valve (concave). 

Fig. b. Impression of the shorter valve (concave). 

Fig. c Convex sar£EU» of a small specimen. 

Fig. d. Concave impression of the longer (?) valve. 

Locality and position. In the catlinite at the great pipestone 
quarry, in Pipestone County. Museum register number, 5559. 
CoUector, N. H. Winchell. 

PABADOXIDES BABBEBI. (N. 8P.) 

The sx)ecimen found by Mr. Barber has been crushed and 
folded upon itself by some pressure obliquely applied from the 
right and somewhat from the rear, so that the pleurse of the left 
side are turned underneath the animal, but exhibit their furrows 
and ridges alternately to the number of fourteen or fifteen fur- 
rows, separated by as many ridges. The segments of the axis 
are thus thrust forward over the crumpled pleursB of the left 
side, showing more or less of the articular portion of several of 
the segments. The specimen shows but slight traces of the orig- 
inal crust of the animal. At several places, however, and par- 
ticularly in the sheltered joints along the axal furrows, small 
fragments of a thin, red, shining covering remain. The speci- 
men has long been weathered. It is much roughened by the ex- 
posure, and injured as a fossil by this &ct. It has been in con- 
tact with the camp fires of the Indians, as evinced by the black- 
ened condition of the under surface. 

The cephalic shield, including the glabella, is wanting; but 
there are two or three ftirrows that can be seen to cross the anterior 
portion of the specimen, as if due to the original ftirrows of the 
glabella, and another terminates before reaching the middle. 
Whether this termination of one of these ftirrows be due to the 
pushing together and overlapping of the segments under oblique 
pressure, or to an actual and natural character of the shield, 
cannot be ascertained. The whole left side, and much of the 
central lobe, throughout the thoracic portion, are obscured by 
the same accident. The accompanying figure (7) of plate I. ex- 
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presses the character of this fossil better than any description that 
can be written of its visible characters. About fourteen ridges 
can be counted on the under side, expressing the number of the 
pleurae folded beneath. But in advance of these fourteen are 
about two more on the upper surface, some of them exhibiting a 
tendency to duplication, caused by the pleural grooves. The 
thoracic segments may be considered to have reached sixteen, at 
least. On the right side from twelve to fourteen segments can be 
counted, although there are several that are narrow and seem to 
be due to the crushing down of the right side by an oblique 
pressure on the pleural grooves. 

It is i>ossible that this specimen belongs to some described 
species, but it would plainly be premature to assign it to any 
known species at present. It is thought best to give it the name 
of Mr. A. W. Barber, who discovered it, and await the finding 
of better material to correct any error. * The figure is drawn of 
the natural size. 

Position and locality. The catlinite layers at Pipestone; col- 
lected by A. W. Barber. Museum register number, 5565. 

The following letter was received from Mr. S. W. Ford, who 
for some years has been at work on a similar founa found in 
eastern New York, and is familiar with obscure forms of organic 
remains under such circumstances. 

& W. Ford on the pipestone fossils. 

ScHODACK Landing, Rbnsselaeb county, N. Y., 

February 14th, 1885. 

Prof, N. H. Winehea, 

Mt deab sib : I have examined with deep interest, and on seyeral different 
occasions, the supposed fossils from your ''red pipestone'' rocks of Minnesota, 
which you kindly submitted to me for study, and have no hesitation in pro- 
nouncing them organic I have endeavored to study the specimens without 
bias or prejudice; indeed I think I can safely say that my mind has been 
uninfluenced by any prepossessions concerning the age of the terrane affording 
them, although aware from the perusal of your writings, as well as those of 
others, that the disposition has been rather strong of late years, to rank the 
quartzite as " Huronian.'' 

Your principal specimen (No. 5555} I believe to be a trilobite and most pro- 
bably a Paradoxides^ although it may possibly represent the somewhat newer 
primordial genus Olendlus, The specimen has been distorted by pressure 
exerted obliquely across it from behind, forcing the extremities of the left 
hand posterior pleurae underneath and diagonally across the body-axis, and 



Digitized by VjOOQIC 



STATE - GEOLOGIST. 69 

eanying the axis itself a little to the left. The cephalic shield is wanting. 
There appear to be from twelve to foorteen body-riogs represented, and there 
are indications that the higher of these figures would be below the actual num- 
ber in the individual if complete. Along the forward lef hand portion of the 
specimen, there are patches of what I believe to be the altered test of the crea- 
ture still remaining. The thickness of these films agreeit well with the known 
thickness of the test in trilobites of the genera Paradoxides and OleneUua, I may 
add that I also noticed in my study of the body-rings evidences of the usual 
'' articular folds'' of trilobites. 

The other specimens appear to me to be most probably Lingulm, and the 
examples to which I have attached tags, or pointers, seem decisive upon this 
point.* But what the species may be I have no idea. The specimens are all 
in the condition of casts, and although at first disposed to think that the pecu- 
liar pitting noticed in the rostral portion of some of the examples, pointed to 
Siphonotreta^ I have since been able to satisfy myself that they are only the casts 
of sand grains in the pipestone. I have in my collection ftx)m the ' 'Acadian" 
of New Brunswick, slabs crowdedly covered with Lingvim of small size which 
strikingly suggest a like age for your specimens, and while I cannot feel sure 
of my position, owing to the imperfection of the materials studied, I am, 
nevertheless, strongly impressed with the belief that your red ''pipestone" 
fossils are most probably '* Acadian." 

It afibrds me much pleasure to add that the results of my examination of 
your specimens sustain, for the most part, the views you were disposed to take 
of their generic relations, as expressed in your letter of the sixth instant, 
accompanying them. 

Thanking you for your courtesy and kindness, 

I remain, dear Professor, 

Very truly yours, 

8. W. FOBD. 

The following is an extract from a letter from Prof. J. D. 
Dana, respecting these fossils : 

New Haven, Ct., February 26, 1885. 
IVo/. N, H, Winchen, 

DSAB SIR : [ am much pleased to have had the privilege of seeing your 
catlinite fossils. There appears to be no mistake about them, and the little, 
nearly circular shell, is, as you say, closely like LinguUiy as &r as its charac- 
ters are discernible. The trilobite might be considered a doubtful fossil, or 
doubtful whether or not a fossil, were it not associated with other species. 
But as the case stands there is no good reason for doubtii^g it, and it is an ex- 
ceedingly interesting find. I believe in fixing the age of even crystalline rocks 
tyy fossils, and that has been my heresy ; and I am glad that you are having 
success in that direction. There are some Archsean rocks that have Archssan 
stamped on them — those that contain chondroditic limestones, and abound in 
hornblende, scapolites and zircons. But many of them are of ambiguous 
character, and need to have somewhere an overlying bed of unmistakable 
primordial (Cambrian) to make their Archaean age certain. . . . 

Yours truly, 
James D. Dana. 

• One of tbeoe is b of flgare 6, plate I.— N. H.W. 
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It is well known, from the researches of Wm. B. Logan and 
T. Sterry Hunt, that the composition of the shells of recent and 
fossil Lingolae is made up to a considerable extent of phosphate 
of lime.* For the purpose of comparison a specimen was hand- 
ed to Prof. Dodge, who has made the following report: 

Frof, James A. Dodge, on the composition of the shells of the fos- 
sil LingtUoB from Pipestone. 

The Univebsity of Minnesota, 
Chemical Laboratory. 

Minneapolis, Minn., Feb. 11, 1885. 
Prof. N. H. Winchea, 

Dear Sir: I have made an aDaljsis of the white shell-like sobstaDce 
foand on the snrfaoe of a specimen of pipestone (Chem. series No. 173), as 
requested by joa a lew days ago. I find it to consist esentially of carbonate of 
lime but with distinct traces of phosphate of lime. 

Very respectfully yours, 

James A. Dodgk. 

The discovery of primordial fossils in the pipestone of Minne- 
sota makes an important datum for calculating the stratigraphy 
of other rocks of the Northwest. This ** pipestone" is a part 
of the great series of quartzytes which by C. A. White was 
styled Sioux Qnartzyte in his final report on the geology of Iowa, 
in 1870. These quartzytes are conspicuous at several other 
places in Minnesota, and also in Wisconsin, where they have 
been denominated Baraboo quartzyte and placed in the **Huro 
nian.'' Prof. James Hall, in 1867. and Mr. J. H. Kloos, in 
1871, classed the quartzytes of southwestern Minnesota in the 
** Huronian.'' These fossils place them within the ** primordial 
zone'' of Barrande, a geological stage which has not yet, con- 
fessedly, been covered by the term ^^Huronian" at any point in 
America. The Paradoxides horizon, which seems to be here 
indicated, has been distinguished by the name 8t, John'^s group, 
or Acadian, and embraces the slates at Braintree, Mass. It is 
supposed to lie below the Georgia slates of Vermont, containinf^ 
Olenellus, and those to be below the '*red sandrock," which is 
the proper Potsdam horizon of the east. The Potsdam horizon 
of the Wisconsin geologists lies still higher in the primordial, 
and is allied, in its paleontology, to the Calciferous sandrock. It 
has but recently been known to exist in eastern New York. Mr. 



*Am«rioan Journal qf Science. (2) xvll, 287. 
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porphyries of the Cupriferous series of the north shore of lake 
C. D. Walcott has named a number of fossils from it in the 
Twenty -third Regents' Report on the New York State Cabinet, 
collected near Saratoga.* These are from a dolomitic limestone 
which he considers the CalciferouSj and, indeed, probably is the 
same that has been so known. Thus it becomes necessary either 
to abandon the Calciferous in the Bast as a paleontological divis- 
ion, extending the Potsdam horizon upward so as to cover it, or 
to%abandon the claim that the Potsdam, so called by the Wis- 
consin geologists, as exposed along the Mississippi river, is, the 
true Potsdam. This dilemma was pointed out in 1872, by the 
writer, in the first report of the survey, and again enforced in 
the tenth, after this discovery of Mr. Walcott had been made 
known. 

Further, the extension of the primordial zone so much fur- 
ther downward in the Northwest, on the evidence of discovered 
primordial fossils in the red quartzyte, allows ample room for 
the existence of the true Potsdam of New York as well as of the 
Georgia sUUe group, between the 8t. Croix sandstone and the 
pipestone beds. In several deep wells that have been drilled in 
central and southeastern Minnesota there has been found, be- 
neath the St. Croix sandstone, without exception, a great thick- 
ness of red and green shales, associated with some red sandstone. 
This sometimes has reached the thickness of nearly four hun- 
dred feet, and is succeeded below by a hard, red quartzyte or 
brownish red rock, fine grained or granular, which has been 
uniformly supposed to be the equivalent of the red quartzytes 
that outcrop at New XJlm and in Pipestone county. These red 
shales perhaps represent the Georgia slates; and the red sand- 
stone connected with them, apparently expanding toward lake 
Superior so as to become the red sandstones there called Pots- 
dam by the Wisconsin geologists (and perhaps also the Cuprifer- 
ous series) may be parallelized with the true Potsdam of New 
York. 

Intimately connected with these red quartzytes in Wisconsin 
are red gneisses f and felsytes, or felsitic porphyries, the quartz- 
ytes being below these rocks, and all presenting evidences of 
sedimentary origin {Geol. of TTw., vol. ii. p. 614). These are 
therefore brought within the primordial zone, and can be con- 
sidered as being near analogues of the red felsytes and quartz- 



• Science, II r, 186. 

t Some of the rock at New XJlm U alao a red gneiu,of fine grain. 
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Superior, and, if of sedimentary origin, modified portions of the 
Georgia slates^ the f^t John's group being represented by the 
gneissic red quartzytes of Pigeon Point and Waswaugoning Bay, 
at the very base of the Cupriferous series. 
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X. 



THE NEW ORLEANS INDUSTRIAL AND COTTON 
CENTENNIAL EXPOSITION. 



The exhibit of the survey at the New Orleans IndvMrial and 
Ootton Centennial Exposition is quite extensive. It embraces the 
following parts : 

683 specimens of Minnesota crystalline rock samples, 
specimens of other Minnesota rock samples. 

56 specimens of Minnesota minerals.* 
304 specimens of Minnesota fossils.* 

57 specimens of Minnesota mammals (stuffed). 

specimens of Minnesota birds (stuffed). 
28 specimens of Minnesota soils. 
49 specimens of Minnesota plants. 

58 specimens of Minnesota woods. 

specimens of eggs of Minnesota birds. 
21 specimens of Minnesota building stones. 

specimens of Minnesota (Red Wing) pottery. 
126 specimens of manufactured articles of catlinite. 
21 miscellaneous specimens of Minnesota rocks, slates, gran- 
ites, iron ores, clays, etc. 
20 maps of the state, of the scale of ten miles to the inch, 
designed to show the physical features, geology, 
distribution of timber, and the main features of clim- 
ate and soil. 
66 meteorites from all parts of the world. 
16 bound volumes representing the stated publications of 

the survey. 
The detailed list and description of these articles will be re- 
ported to the Minnesota state hoard of collective exhibits^ and will 
be communicated through the state commissioner, Mr. Oliver 
Gibbs, Jr., to the governor. 



• This namber expresses the register entries; the specimens were two or three times as many. 

10 
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XI. 

REPORT ON THE MUSEUM FOR 1884. 



The following list of additions does not include zoological spec- 
imens received since the last report, the number of which is 
quite large. Many of these are on exhibition at New Orleans, 
consisting of birds and mammals. 

The specimens of plants received by the survey, in response 
mainly to the circular issued in the year 1876, are specified in 
the following enumeration. An important donation has been 
received from the United States department of agriculture, 
Washington, consisting of 1,194 species of American and foreign 
plants. 

The condition of the museum at present is chaotic, owing to 
the removal of a large quantity of the specimens to New Or- 
leans. It is expected these will be returned early in June, and 
they will then be restored to their places in the cases. 

Collections of plants in the possession of the Geological and Natural 
History Survey of Minnesota^ April 1, 1885. 

1. U. 8. Department of Agriculture, Washuigton, D. C. A collection of 638 
species of American and 566 species of foreif^ plants. Presented 1884. 

1194 species. 

2. John B, Leiberg, A collection of Minnesota plants firom Bine Earth 
comity. Presented, April, 1883. 

78 species. 

3. John B. Leiberg, A collection of western plants fh>m Dakota and Mon- 
tana. Presented, Aagust, 1883. 

114 species. 

4. Dr, W, E, Leonard, A collection of Minnesota plants, by the late J. C 
Kassabe. Presented by Dr. W. £. Leonard, of Minneapolis, Minn., 1884. 

440 species. 

5. C. L. Herrick, Minnesota plants, collected on the Geological and Nat- 
ural History Survey at various times. 

529 species. 
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6. B. Juni. Plants of the north shore of lake Superior. Collected on the 
Geological and Natural History Survey. August-September, 1878. 

176 species. 

7. T. 8, Roberts, Plants of the north shore of lake Superior. Collected on 
the Geological and Natural History Survey, July-September, 1879. 

137 species. 

8. Dr. W, E, Leonard, Minnesota plants. Collected on the G^logical 
and Natural History Survey, 1875-6. 

64 species. 

9. Prof, N, H, WincheU. Minnesota plants. Collected at various times. 

75 species. 

10. H. V, WinchelL Minnesota plants. Collected at various times. 

150 species. 

11. '^ Ex herbario horti FetropolitanV^ A collection of foreign plants. Pre- 
sented. 

155 species. 

12. Miss Macfarlane. A collection of plants from southern Labrador. Pre- 
sented. 

25 species. 

13. F. W. Anderson. A collection of plants from Montana. Presented, 
February, 1885. 

72 species. 

14. Through Mr. Warren Upham plants have been presented from the fol- 
lowing persons: 

Dr. Geo. Vasey, Washington, D. C, 7 species of Aristida and 14 of Pani- 
cam. 

Prof. C. J. Oedgej Moorhead, Minn. 

18 species. 

B€v. J. ScoUj West Emerson, Manitoba. 

24 species. 
Dr. J. H. Sandberg, Red Wing, Minn. 

5 species. 
Mr. R. J. Crafty . Six species of rare plants frt)m Emmett county, Iowa. 
In all 3283 species, including duplicates. 
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Ar(Jujeologio(U specimens registered in the General Museum in 1884. 

112. Flints (three) from about lake Minnewaska, Minn. Presented by 
Dan. F. Bartke, of Glennwood, Minn., March 14, 1884. 

113. One piece of obsidian from lake Minnewoeka. Presented by Dan. 
F. Bartke, of Glennwood, Minn., March 14, 1884. 

114. Bit of red substance from stratum, Little Falls, Minn. Presented 
NoYember 10, 1882, by Frances £. Babbitt 

115. One piece of sonorous quartz from stratum, Little Falls, Minn, (they 
jingle with other quartz-like metal). Presented November 10, 1882, by Frances 
£. Babbitt 

116. Chipped implement (one), from river gravels at the ferry, Little Falls, 
Minn. Presented November 10, 1882, by Frances E. Babbitt. 

117. Piece of nicked quartz^ perhaps for cutting tendons, etc., from stratum. 
Little FaUs, Minn. Presented November 10, 1882, by Frances E. Babbitt. 

118. Piece of a bone. Little Falls, Minn. Presented, November 10, 188t, 
by Frances K Babbitt 

119. A small dark chert arrow point, one and a half inches long, notched 
base. From Battle Creek, Mich. Presented by Mrs. C. H. Crosby, 1883. 

120. Arrow point (one), light chert, three and a quarter inches long, 
notched base. From Battle Creek, Mich. Presented by Mrs. C. H. Crosby, 
1883. 

121. Gray flint implement (one), four and a half inches long, rounded 
base. From Battle Creek, Mich. Psesented by Mrs. C. H. Crosby, 1883. 

122. Stone hammer (one). Sample of those now in use among the Cheyenne 
Indians, near the Black Hills. Presented by the Rev. L. J. Hauge, Mankato, 
1883. 

123. Spear head (one), dark chert, four and three-quarter inches long, 
pointed at both ends. From section 30, township 45, range 28, west of Mills 
Lacs, Minn. Presented January 5, 1884, by O. E. Garrison. 

124. Specimens of pottery (forty-five pieces), from Mills Lacs, Minn. Pre- 
sented January 5, 1884, by O. E. Garrison. 

125. Piece of flint (one) from Mille Lacs, Minn. Presented January 5, 
1884, by O. E. Garrison. 

126. Implement of brown chert (one), from Mille Lacs Minn. Presented 
January 5, 1884, by O. E. Garrison. 

127. Stone implement (one), from Mille Lacs, Minn. Presented January. 
5, 1884, by O. E. Garrison. 

128. Specimen of tattooing taken from the arm of a cadaver. Presented by 
Dr. Arthur Eastman. 

129. Stone hammer (one), from Illinois. By purchase from Wm. Howling, 
1884. 

130. Stone hammers (two), from Long Lake, Minnesota. By purchase 
from Wm. Howling, 1884. 
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Liet of books added to the Library of the Greologicdl and Natural 

History Survey since the publication of the list in ths 

report of 1880. 

Proceedings of the Academy of Natural Sciences, of Pliiladelpliia. Parts I 
and II, January to October, 1879. Pnrchased. 

Proceedings of the Davenport Academy of Natural Sciences. Volume III, 
Parts II and III, 1879-81. From the Academy. 

Transactions of the Edinburgh Geological Society. Volume IV, Part n, 
1881-82. Purchased. 

Bulletin of the Bnfblo Society of Natural Sciences. Volumes I, U, in and 
IV. Complete. From the Society. 

The American Antiquarian and Oriental Journal. Volume IV, No. 1, 
October, 1881, and No. 4, October, 1882. Volume V, complete. Volume VI, 
lioe. 1, 3, 4 and 6, 1884. Volume VII, Nos. 1 and 3, January and March, 
1885. From the Editor. 

Bulletin of the United States Geological lurvey. No. 1, 1883. From tiie 
Survey. 

United States Geological Surrey. Mineral resources of the United States. 
By Albert Williams. From the Survey. 

Smithsonian reports for 1863, 1870, 1873, 1875, 1878, 1879, 1881. From the 
Smithsonian Institution. 

Transactions of the Academy of Science, of St. Louis. Volume. IV, Nos. 2 
and 3. From the Academy. 

Memoirs of the Peabody Academy of Science. Volume I, Salem, Mass. 
From the Academy. 

Beport of the Geological Survey of Ohio. Volume IV, Part I. Zoology. 
From Prof. E. Orton. 

Geological Survey of Minnesota. Beports I to VIII, inclusive, 1872-9. One 
volume. From Mrs. C. M. Terry. 

United States Coast and Geodetic Survey. Beports for 1878, 1879 and 1880. 
From the United States Coast Survey. 

United States Geological Survey. Second annual ropprt — 1880-81. From 
the Survey. 

Monographs of the United States Geological Survey. Volume II. From the 
Survey. 

Tertiary History of the Grand Canon District, with atlas, by Clarence E. 
Dutton. From the Survey. 

Bergens Museum. Nye Alcyonider Gorgonider og Pennotulider tilhorande 
Norges Fauna. Ved Johan Keren og D. C. Danielson. From the Museum. 

American Association for the Advancement of Science. Local committee 
papeis of the Montreal meeting, 1882. From the Minneapolis local committee. 

American Association for the Advancement of Science, Local committee 
papers of the Minneapolis meeting, 1883. From the Philadelphia local com- 
mittee. 

Beports of the State Geologist of Indiana, 1869, 1870, 1871-2, 1873, 1874, 
1875, 1876-7-8, 1880, 1881, 1882 and 1883. From John CoUett, state geologist. 
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The Catalogue of the Museum of the Military Service Institution of the 
United States, 1884. From lieutenant A. W. Vogdes. 

The American Chemical Journal. Yolumes I, II, III, lY and Y. Nos. 1, 
3, 3, 4 and 5 of Yolume YI. From Johns Hopkins Uniyersiiy. 

United States €^logical Survey. Geology of the Comstock Lode. Mono- 
graph No. 3. By Geo. F. Becker. From the Survey. 

United States C^logical Survey. Atlas to accompany the Monograph on 
the geology of the Comstock Lode, and the Washoe District. By €^. F. 
Becker. From the United States Geological Survey. 

United States Geological Survey. Third annual report, 1881-2. J. W. 
Powell. From the Survey. 

Proo^ings of the Colorado Scientific Society. Yolume I, 1883-4. From 
the Society. 

'Plates and maps in illustration of the first volume of the transactions of the 
Geological Society, London, 1811. Presented by A. J. Hill, of St. Paul. 

Bulletins of the United States Geological Survey, Nos. 2, 3, 4, 5, and 6. 
From the Survey. 

United States C^logical Survey, Monograph, Yolume lY, Comstock Mining 
and Miners. By Eliot Lord. From the Survey. 
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XII. 



NOTES ON THE GEOLOGY OF MINNEHAHA COUNTY, 

DAKOTA. 



BY WABBEN UPHAM. 

Typimt Potsdam quarizyte outcrops one mile southeast of Dell 
Bapids (which is on the Sioux river, some fourteen miles west 
from the northwest corner of Eock county), dipping about 2° south, 
.35° west (as referred to the true meridian). Gladal strkBy well 
shown at this place, bear south 25° to 30° east. (This local- 
ity, like the mound, is beyond the limits of the ice of the last 
glacial epoch, and therefore these strise were formed by the 
earlier ice-sheet. When that ice-sheet terminated beyond the 
Missouri river in Nebraska and Kansas, we cannot doubt that 
the ice current moved nearly from north to south upon all this 
region midway between the west border of the ice and the drift- 
less, never ice covered, area of Wisconsin and southeastern Min- 
nesota; but the prevailing striation at the mound and the pipe- 
stone quarry bearing southwesterly, and of this locality near Dell 
Bapids bearing southeasterly, demonstrate that during the final 
melting and recession of that earlier ice-sheet it became in this 
portion lobed, with different slopes of its surface and different 
directions of the motion of its ditsinct lobes and their various 
portions, principally (as I believe) produced by meteorological 
conditions, nearly as the terminal moraines of the last ice-sheet 
show that it, in the later glacial epoch, was lobed and had dif- 
ferent directions of motion in its different parts upon areas not 
more than twenty-five miles distant from these localities toward 
the northeast and northwest. (See plate YI, in the Ninth annual 
report). Ripple-marka are occasionally seen on the quartzyte 
at this outcrop. This rock is here visible in low exposures, ex- 
tending an eighth of a mile, along a northwardly sloping slight 
depression excavated by drainage. 
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Qumizyte also oatcroi>s one mile due east of Dell Bapids, on the 
east side of the Big Sioux river (commonly called simply " Sioux 
river"); and again, one and a half miles north of Dell Bapids, on 
section three, about one and a half miles west of the river. These 
are its most northern exposures that I heard of in this region. 
No fossils, no pix>estone, and no conglomerate portions, are 
known in this quartzyte. 

,Water power. William Van Eps, Dell Bapids (s. i of sec 9); 
Dell Bapids mills; &11, eleven feet, with right to increase to four- 
teen. The fedl in the Sioux river, at and below Dell Bapids, from 
Van Eps' pond (which holds the river as back-water to a distance 
of three miles), to a point one and a half miles south of the junc- 
tion of the ** Dells'' channel, or about four miles south of Dell 
Bapids village, is approximately twenty-five feet. At Mr. Van 
Eps' present hight of flowage, a dam about three feet high has 
to be provided to turn the water of this pond in the Sioux river 
from running into the ^* Dells" channel; but before the mill dam 
was built the stage of low water at the bridge at Dell Bapids was 
about six feet lower than the divide between 
it and the *^ Dells. " This sketch, figure eight 
(I have no good map), will serve to give 
some idea of the relative position of the local- ^'o- ®- 

ities mentioned. 

'* The DeUsJ^ The Sioux river, after passing the village of 
Dell Bapids, first runs westerly a half mile, more or less, and then 
flows south, inclosed by walls of Potsdam quartzjrte. Another 
rock- walled channel of Uie same kind, called the '^ Dells," already 
several times referred to, extends south from near the bridge in 
Dell Bapids village. It is thus east of the present course of the 
Sioux river at its ordinary stage, but a large part of the river 
flows through this channel at its times of flood. The picturesque 
rock gorge called the '^ Dells" extends about one and a half miles 
in rock, from near the river at Dell Bapids village to the south; 
and this channel is said to continue across the alluvial bottom- 
land about one and a half miles further before joining the pres- 
ent channel of the Sioux river. The highest walls of this gorge 
are within three-quarters of a mile south of Dell Bapids, along 
which distance they rise vertically on each side 30 to 40 or 50 
feet above the still water that fills the bottom of the gorge along 
a distance of one and a quarter miles, varying in width from 
three to five rods, and ten to twelve feet deep. The rock here is 
typical quartzyte, dipping two or three feet in a hundred, or 
12 
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abont one degree, to the south-southwest. This quartzjrte is bedded 
in layers from a few inches to one foot or rarely two feet thick, 
and is intersected by very numerous vertical or neariy vertical 
joints, which often divide it into rhomboidal fragments only 
from three to six inches or a foot long. The surfiek^e of the bed- 
ding-planes is ft^uently ripple-marked. 'No glacial strise were 
found here; all the rock surface appears somewhat water- worn. 
The erosion of this channel has been feM^ilitated by the jointed 
structure of the rock, and both this and the channel now occupied 
by the river have probably been eroded by this stream since the 
ice age. 

This quartzyte is mostly very hard and of a reddish gray color, 
about as at its exx>08ures near New Ulra, in Cottonwood county, 
and in Pipestone and Bock counties. At the quarry on the 
east side of the ''Dells," near their south end, a mile south of 
Dell Bapids village, the color of this stone is light gray, slightly 
tinged toward pink. Barely it occurs with a quite soft, some- 
what friable texture, as was found in a well at Dell Bapids. This 
rock is seen in frequent low outcrops for about a mile south from 
the south end of the ' * Dells, ' ' beyond which no rock -outcrops were 
learned of in the next fifteen miles southward, their next occur- 
rence being at Sioux Falls. 

The gorge through which the Sioux river flows, close below 
Mr. Van Eps' mill, or about a mile southwest from Dell Bapids 
village, is said to be inclosed by vertical walls of the quartzyte, 
some fifteen feet high. In this channel three remnants of the 
rock stand up like bridge piers, having the same hight as the 
rock on each side. The whole thickness of the Potsdam quartz- 
yte exposed at Dell Bapids is about seventy -five feet; it cannot 
exceed one hundred feet. Its top here may be one hundred feet 
above its top at Sioux Falls; this estimate being dependent main- 
ly on another, namely, that the river at Dell Bapids is seventy- 
five feet above Emerson, Sherman & Go 's mill pond at Sioux Falls. 

Bottomland from one to two miles wide borders the Sioux river 
from a point one and a half miles south of Dell Bapids to Sioux 
Palls. Its hight is about ten feet above the river, by which it 
has been overflowed three times during the past eleven years. 
The surface at each side is moderately undulating till, with 
swells 25 to 40 feet above its depressions, the hight being 50 to 
90 feet above the river and the bottomland. 

Nils B. Peterson's well; northwest quarter. Section 3, T. 102, E. 
49 (nine miles north of Sioux Falls), well, 30 feet; soil, 2; yellow 
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till, spaded, 5 feet; sand, 3 feet, yielding the only water found; 
very hard blue till, picked, 21 feet, and extending lower; water 
a plenty for house and twenty cattle. The till here and gener- 
ally in this region, contains as large a proportion of gravel and 
boulders (varying in size froip a few inches or one foot to five 
feet in diameter) as is usually found in the till of southern and 
western Minnesota. 

FipesUme, similar to that of the &mous pipestone quarry in 
Minnesota, is reported as occurring eight miles distant, nearly 
due west from Mr. Peterson's (therefore about 12 miles northwest 
from Sioux Falls), or four miles west of iNew Hope i)ost office, on 
Skunk creek in the northeast part of T. 102, E. 51. Much of 
this pix^estone is red, other portions are mottled or sometimes 
nearly cream-colored, as at the Indian pipestone quarry. It has 
been whittled into pii)e bowls and various trinkets. It is hard 
at the surface, but softer within; and is thought to form a layer 
four feet or more in thickness, inclosed in the quartzyte. It has 
been used to build chimneys, where it does not crack and crum- 
ble like the quartzyte. 

Sioux Falls. The Potsdam quartzyte is next found exi)osed in 
low outcrops about two miles west of Sioux Palls, on the broad 
bottomland of the Sioux river. The valley eroded in the thick 
sheet of glacial drift by this river below (eastward from) Sioux 
Palls is about a mile wide and inclosed by blufBs 100 feet or more 
in hight on its north side, and from 125 to 150 feet (probably 
nearly 200 feet at three miles east of Sioux Palls) in hight on its 
south side; these bluffe being steep, with more knolls, buttresses 
and ravines than usual (as, for example, on the Minnesota river), 
making a quite picturesque view as seen from a point a mile 
north of Sioux Palls, looking eastward and southward. This val- 
ley is eroded through till, which in some places was seen to be 
thinly covered by loess, nearly as in southwestern Eock county, 
and elsewhere, more rarely, by deposits of gravel and sand; the 
quartzyte of this vicinity is exposed only in the bottom of the 
valley, and ends in low outcroiw about a half mile below (north 
and northeast of) Sioux Palls. 

Mr. William Van Bp6, of Sioux Palls (owner 
of mill at Dell Bapids), reports outcrops of 
quartzyte (nearly like that at Sioux Palls) on 
the James river at Eockport in Hanson county 
and again in the same county seven miles fur- 
ther north (a few miles below Piresteel, a place 
formerly important but whose glory has de- fig. 9 
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parted, eclipsed by Mitchell, three miles distant to the west;) 
but he thinks this rock has no other exjKisares on the James 
river. Abont fifteen miles east of Mitchell, good quartzyte for 
quarrying occars on Pier creek, whfere it is crossed by the rail- 
road and farther north. I think that this quartzyte is reported 
by Hayden on the east and west Vermilion rivers, in McOook 
county. 

Water power at Sioux Falls. Three dams and mills are here 
located on the Sioux river: 

1. Cascade mills; the upper mill, Emerson, Sherman & Co.: 
fall or head, 10 feet, flowing the river back about two miles. 

2. Queen Bee mill; Sioux Falls Water Power company: head, 
56 feet; this mill (built, if I rightly remember, of the quartzyte 
of this vicinity) is 80x100 feet in dimension, and seven stories 
(106 feet) high; its walls are 5 feet 4 inches thick at the base, 
and 2 feet 6 inches at the top. 

3. Sioux Falls mills; the lower mill; Webber, Shaw & Wat- 
son: head, 14 feet. This lowest mill is not more than a half mile 
below (north of) the upper mill. There may be five feet of fell 
lost between these mills; but I think less, or none. The total 
fell within the city Limits (section 16) is said to be 85 feet, which 
must be nearly or quite correct. If a canal were cut across the 
base of the river's extensive circuit west of Sioux Falls, excavat- 
ing about ten feet deep across bottom land for a mile, and some 
30 feet in depth for a quarter of a mile through the ridge of drift 
which extends southward in the west edge of the city, it is said 
that a fall of about 110 feet in total, or 25 feet more than now, 
would be obtained. 

The rock of Sioux FaUs is the typical Potsdam quartzyte, simi- 
lar in texture, hardness, color (usually reddish-gray), bedding 
(frequently ripple-marked), and joints, with its outcroi)S in 
Nicollet, Cottonwood, Pipestone and Eock counties, and at Dell 
Bapids. Its dip varies from a half degree to two or three de- 
grees, or a descent var3ring from one to five feet in a hundred, 
toward the south and south southwest. Allowing for its dip, the 
whole thickness of this rock exposed at Sioux Falls is approxi- 
mately 125 feet; it cannot exceed 150: it nowhere rises much 
(not more than 20 or 30 feet) above the river at the head of the 
falls. 

Quarries of this stone have been worked in small amount two 
miles west of Sioux Falls; two miles south of this city on the 
left (there north) side of the Sioux river, about a half mile from 
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it, this quarry yielding good stone; and, most of ail, in the north 
part of Sioux Falls corporation. Hayden (in the Am. Jour, of 
8ei. and Arts, for Jan., 1867) says, in describing this formation 
at Sioux Falls: ^^ About ten feet from the top of the rocks as seen 
at this locality, is a layer of steatitic material, mottled, gray and 
cream color, very soft, about 12 inches thick, which is used 
sometimes for the manufacture of pix>e8 and other Indian orna- 
ments. * * * There are also beds of pudding stone, and the 
most beautiful illustrations of wave and ripple markings that I 
have ever observed in my geological explorations." 

Glacial stride. The surface of nearly all the quartzyte exposed 
at Sioux Falls is so waterwom that its glacial marks have been 
effaced. Considerable search afforded me only the following 
observations: About 20 to 25 rods north of the St. Paul & Sioux 
City (C, St. P., M. & O.) railroad depot, glacial strisB, seen in a 
half dozen or more places, mostly bear uniformly S. 40^ E. (re- 
ferred to the true meridian, allowing 10^ for the needle's vari- 
ation east of north); but on one snrfiBU^e here, six feet square, 
situated 10 to 50 feet distant from foregoing glaciated places, are 
very clear glacial stride, bearing due east. About a dozen rods 
northeast from these, striae were again found, on a smooth sur- 
fyce of rock about ten feet in extent, where they vary in their 
direction from due south to S. 25^ E., these courses being seen 
on the same 8urfia.ce crossing each other. For the reasons set 
forth on pages 505 and 549, of voL 1, final report, it is probable 
that the strise bearing south are the oldest, and that the striae 
bearing southeasterly*and east are records of a progressive de- 
flection here of the ice-current toward the east, by the formation 
of a lobe in the ice-sheet of this first glacial epoch during its re- 
cession. How this would take place will be understood by re- 
ferring to Plate VI, in the Ninth annual report. 

Terraces. During the river's excavation of its valley in the 
thick drift-sheet along the first six miles east of Sioux Falls, a 
well-marked terrace-plane was formed 60 to 75 feet above the 
present channel, portions of which remain as follows: One, 
about two miles long and 20 to 40 rods wide, on the northwest 
side of the river, 2 to 4 miles northeast from Sioux Falls; another, 
one and a half miles long and 30 to 60 rods wide, situated on 
the south side of the river, about 3 J to 5 miles northeast of 
Sioux Falls; and a third, or perhaps several, seen in the view 
down the valley within a few miles further southeastward. The 
first of these terraces, and probably the others, consists of till, . 
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with frequent boulders on its escarpment or feuse, and in some 
places on its flat surface above; but mostly this upper surfBM^ is 
thinly covered with fluvial dei>osits of gravel and sand. 

Cantowr. Lakes and sloughs are rare or absent in all this 
region; I saw hone. The sur£eM^ is very smooth till, seldom 
having any covering of loess. The contour of this drift-sheet 19 
quite difTerent from that found upon the regions that were over- 
spread by the last ice-sheet; but closely resembles that of Pipe- 
stone and Bock counties. It is characterized by massive sweUs 
of varying hight, tending mostly fh>m north to south, or more 
so than in other directions. The separate swells are usually 
from 25 to 50 feet above the intervening hollows or depressions; 
while areas a few miles apart vary sometimes 100 or 150 feet in 
their average hight. No drift deposits marked by the peculiarly 
rough and broken contour of our terminal and medial moraines 
were found in this region. 

Palisades post-office, store, and mill are in sections 30 and 31, 
T. 103, B. 47, at the middle of the south side of section 30, 
about four miles west fh>m the state line of Minnesota. The 
'^palisades" extend from the dam a half mile 
southwestward, the Split Bock creek being 
confined along this distance between vertical 
walls of the Potsdam quartzjrte, 40 to 60 fe^ 
FiGUBB 10. high, and from 50 to 150 feet apart. A '^ rock 

island" rises like a tower in the middle of this gorge, about 20 
rods south of the mill, and 60 feet high, its top being seen with 
that of the walls at each side, which here'attain their greatest 
altitude. 

Palisades mill, C. W. Patten; fall, 23 feet; cable to mill, 212 
feet; hight from stream below the wheel to the mill, 55 feet 
Split Bock creek is said to descend 72 feet in its four miles next 
above the southwest (lower) end of the Palisades. 

The rock here is the typical red Potsdam quartzyte, dipping 
two to three degrees, or about four to six feet in a hundred, to 
the south-southwest. This formation embraces in this vicinity 
two layers, each several feet thick, of compact, finegrained, red 
rock, easily cut and polished, closely resembling the catlinite of 
the Pipestone quarry in Minnesota. The upper one of these 
layers is seen a quarter of a mile southwest from the mill on the 
northwest side of the creek, where it has been quarried and is 
called ** slate." Its vertical exx>osure in the quarry is seven 
feet, but its base, though probably not much deeper, is not seen. 
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It lies in sheets from an eighth of an inch to six inches thick, 
dipping about two degrees 8. SC^ W. The plane of this bed, 
prolonged northeastward, passes just above the top of the Pali- 
sades. The lower one of the two layers mentioned is called 
^^pil>estone," ahd is scarcely inferior in quality to that of the 
Indian quarry in Pipestone county. This bed is exx>osed about 
five rods south of the dam and some thirty rods east of the mill, 
where it is seen to have a thickness of at least four feet (it may 
be as much as seven feet thick) divided in sheets, from a half 
inch to three or four inches thick. It here dix>s 6^ or 7^, or ten 
or twelve feet in a hundred, S. 60^ W. The unusual steepness 
of this dip, as compared wititi the average and nearly uniform 
dip of the whole formation in this locality, is doubtless due to a 
local displacement of very small extent; for the floor of quartz- 
yte, on which this pipestone lies, vanes in its indinstion, within 
three or four rods away from this bed, to the average dip of 
about two degrees. At the bottom of the wheel -pit of the mill, 
30 rods west from this pipestone quarry, the top of this pipe- 
stone layer, having the same fine quality, was excavated to a 
depth of six inches. The top of this layer in the wheel-pit was 
12 or 14 feet lower than its base at its exposure near the dam. 
This pix>e6tone layer is thus contained in the quartzyte very 
nearly at the water-Une of the creek in the Palisades, being 60 
feet, approximately, lower than the similar bed called ''slate." 
Twenty rods east of the dam at the Palisades, and about 20 to 
25 feet above this dam, is an excavation (made to get material for 
building the dam) into ''chalk rock,'' which is thus exi)Osed 
with a vertical thickness of four feet (though its base is not seen) 
and along an extent of about 50 feet, dipping the same as the 
quartzyte, about two degrees, or some four feet in a hundred, 
to the south-southwest. It occurs in sheets or layers, which 
vary from a quarter of an inch to two inches in thickness ; and 
these are much traversed by joints, whereby this rock is divided 
into a multitude of small rhomboidal pieces, usually a few inches 
(seldom a foot) long. The upper part of this bed is soft, being 
scarcely harder than many shale beds, and is whitish, often 
quite white; it gradually changes below to a pinkish color, and 
at the same time becomes harder and exhibits fewer joints in its 
lower portion. In fineness and microscopic homogeneity of 
texture, it is closely like pipestone (catlinite), which it also 
probably resembles in chemical character (see Prof. Dodge's 
analysis, p. 203, Tenth an. rep.), not being calcareous, so that its 
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name, applied by Mr. Patten, is a misnomer. This '^ chalk- 
rock" is not seen in contact with the quartzyte or other bed- 
ded rocks; bat its conformity in dip with the Potsdam formation, 
so extensively exposed in its immediate vicinity, makes it high- 
ly probable that it is a layer inclosed in the quartzyte. It lies 
in the line of continuation of the closely contiguous ^^ix>e6tone,'' 
and may be only a changed portion of that bed, x>erhax>s having 
come into its present condition by weathering. If this '^ chalk- 
rock" is ground to powder and then wetted, it dries in a hard 
mass, having about the same hardness as in its original bed. 

The following is reported by Mr. C. W. Patten, of the Pali- 
sades: About six miles south of this place, or four or five miles 
above (N. N. B. of), the mouth of Split Bock creek, rock [Cre- 
taceous!] in many respects similar to this '^ chalk-rock," per- 
haps harder, all of it whitish as the ^' chalk" is only at its top, 
occurs in thicker and more compact layers, and has been con- 
siderably used for building. It is cut into dimensions by a com- 
mon saw; and in weight it is much lighter than the '^ chalk- 
rock" of the Palisades, so that a cord of it can be drawn by 
two horses. It forms a stratum at least eight feet thick, and is 
in layers from 4 to 8 or 10 inches thick ; it is divided by joints 
with about the frequency desirable for convenience in quarrying. 
Its exx>osures (it is thought that the red Potsdam quartzyte is 
not seen in that vicinity), are between 6 and 20 feet above the Split 
Bock creek ; and it is quarried at two places, or more, partly 
ux)on each side of the creek, which there is probably 75 feet 
lower than at the Palisades. 

No such rock, nor anything comparable with it, is fbund asso- 
ciated with the Potsdam quartzyte, either in Dakota or Minne- 
sota, north and northeast of the Palisades. No fossils have been 
seen in the *'chalk*rock," nor in any portion of the Potsdam 
formation, at the Palisades, by Mr. Patten, who has excavated 
several hundred loads of the ''chalk" for his dam. Excepting 
the beds thus called *'slate," "pipestone" and *' chalk-rock," 
the two former of which are clearly seen to be layers in the 
Potsdam formation, all the extensive exx>osure8 of its beds at 
the Palisades are the ordinary quartzyte, having its usual char- 
acters in respect to color, hardness, bedding and joints. No 
conglomerate was observed here; ripple-marks were seen on 
the bedding-planes in a few places. Barely this stone, probably 
through the influence of weathering (perhaps in preglacial ages), 
has a soft and somewhat friable structure ; this has been noticed 
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by Mr. Patten in some outcrops within a quarter of a mile from 
the Palisades ; and four miles to the northeast a somewhat soil, 
pinkish sandstone (probably an altered form of this quartzyte) 
has been encountered in digging wells. The next exposures of 
the Potsdam quartzyte south of the Palisades are reported to 
be nine or ten miles distant, at the east side of the Sioux river, 
on the upland. Only a few miles further south, this quartzyte 
outcrops in the extreme northwest corner of Iowa. 

The ^^DevUs GMch^^ is two and a half miles north-northeast 
from the Palisades and is a similar canon-like gorge, a half mile 
long, at the east side of Split Eock creek, on a trifling tributary. 
Its walls of rock are vertical, 30 to 50 feet high, and from 8 t-o 
75 feet apart, with pools of water ten feet deep in the bottom of 
the gulch. The rock here is typical Potsdam quartzyte, dipping 
two and a half or three degrees (four to five feet in a hundred) 
towards the south-southeast, or, more exactly, S. 30° B. Here 
some parts of the walls, as also at Dell Rapids and the Palisades, 
are so intersected by vertical joints, nearly at right angles and 
from six inches to two feet apart, that the wall resembles an- 
cient masonry, the separate rocks being rounded at the edge by 
weathering. It is also not uncommon to find places at the sur- 
foce of this rock, where it similarly resembles the square paving 
blocks of stone sometimes used for streets. The Palisades and 
this Gulch seem to me equal in picturesqueness j both being 
worth going for to see, especially in this region of infrequent 
rock exposures. 

No glacial striae were observed at the Gulch nor at the Pali- 
sades. 

13 
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XIII. 
CHEMISTRY. 



BEPOBT OF PBOFESSOB DODGE. 

THE UNIVERSITY OF MINNESOTA, 

CHEMICAL LABOBATOBY. 

Minneapolis, Minn., Oct. 6, 1884. 
Professor N. H. WincJieU, 

Dear Sib: I herewith report to you the results of the an- 
alyses made by the chemical department for the state geological 
survey since my last report. The present report comprises the 
analyses of nineteen siliceous rocks, numbered in the chemical 
series from 148 to 166 inclusive; also the analysis of a sample of 
impure graphite, and the analyses of two samples of water. 

These analyses have been made almost wholly by Mr. C. P. 
Sidener, now instructor in the chemical department. 

Very respectfully yours, 
James A. Dodge, 
Prof, of Chemistry. 

Chemical series No. 147. The water of Big Stone lake. The 
composition of the mineral matter dissolved in this water has 
been found to be as follows: 

Parte per million. Grains per gallon. 

Silica 106.50 6.2090 

Carbonate of iron 2.20 .1283 

Calcium carbonate 110.60 6.4455 

Magnesium carbonate 63.00 3.6748 

Magnesiam sulphate 14a05 8.6358 

Potassium sulphate 12.48 .7280 

Sodium sulphate 95.63 6.6781 

Sodium chloride 15.12 .8819 

Phosphates traces 

653.48 32.2814 
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The amonnt of organic matter was such as to require 1.32 parts 
of oxygen per million parts of water for its oxidation. Yet this 
amount is not very excessive, being rather less than that in the 
Mississippi river just above this city. 

The water is remarkable for the large amount of sulphates; 
also for a rather large proportion of silica. 
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Cheni. series No. 167. Sample of impure graphite, from near 
Aitkin. 

Carbon (g aphite) 41.28 per cent. 

Silica, SiOj 43.23 

Oxide of iron, FlaO, 2.02 

Alumina, AljO, 10.70 

Lime, CaO 0.46 

Magnesia, MgO 0.05 

Undetermined matter 2.26 



100.00 



Chem. series Nos. 168 and 169. Brine from the Humboldt salt 
well. 

Ingredients dissolyed in the water. 

Silica, SiOa 

Alumina, AljO, 

Carbonate of iron, FeCog 

Sulphate of lime, CaSo4 

Sniphate of magnesia, MgSo4....« 

Carbonate of magnesia, MgCo, 

Chloride of magnesium, MgClj 

Chloride of calcium, CaCl, 

Chloride of potassium, KCl 

Chloride of sodium, NaCl 

Phosphoric acid 

Total solids 57,220.46 3,336.66 

Proportion of common salt, NaCl, in the total dissolved solids, 
82.8 per cent. The samples from the depths of 180 feet and 450 
feet were united, and the analysis above expresses the composi- 
tion of the brine thus obtained. That from the depth of 450 
feet was apparently some stronger in sodium chloride than that 
from 180 feet. 

Chem. series^ No. 170. Analysis of water of the Mississippi 
river taken at Brainerd: 



Parts per 


Grains per 


million. 


gaUon, U. S. 


208.5 


12.15 


40.9 


2.38 


18.56 


1.08 


1,990.2 


116.08 


1,236.4 


71.12 


1,347.5 


78.60 


1,567.6 


91.44 


2,684.0 


156.55 


724.3 


42.26 


47,402.5 


2,764.99 


traces. 
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-r ,, ,. , -I . ^, ^ Parts Der Graios per 

Ingredients dissolved in the water. million. gallon uJ. 

Silica, BiO, „....^... 18.2 1.0616 

Alumina, A1,0, 3.9 0.2275 

Carbonate of iron, PeCo, 4.205 0.2453 

Carbonate of lime, CaCog 111.07 6.4787 

Carbonate of magnesia, MgCo, 27.72 1.6169 

Carbonate of potash, KjCo, 6.0 0.3499 

Carbonate of soda, Na,Coa 19.36 1.1292 

Sulphate of soda, NajSo* 3.0 0.1749 

Chloride of sodium, NaCl 1.5 0.0875 

Nitrates traces traces 

Phosphates slight traces slight traces 

Total solids 194.955 11.3715 

Parts per million 

Oxygen required for the oxidation of organic matter by the 

permanganate test 1.28 

Ohem. series, No. 171. Assay of a sample of ore for gold and 
silver. 

Results: Gk>ld none; silver none. 

Ohem. serieSy No. 172. Assay of a sample of ore for gold and 
silver. 

Results: Gk)ld none; silver Si Troy ounces per ton of ore. 

CJiem. series No. 173. Supposed fossil shells in catlinite. (See 
before, page 103.) 

NoTB. — The foregoing substances were derived as follows: 

No. 147. Water from Big Stone lake, obtained by C. L. Herrick. 

No. 148. Geol. survey number 1 B. ; finely crystalline red syenite. Dn- 
luth. 

No. 149. Geol. survey number 7; finely crystalline brown syenite. Du- 
luth. 

No. 150. Geol. survey number 19; crypto-crystalline, or amorphous, yet 
sparsely porphyritic with red feldspar and slightly amygdoloidal with epidote. 
Duluth. 

No. 151. Geol. survey number 46; fine dark rock, thickly porphyritic with 
red feldspar, from Brewery creek. Duluth. 

No. 152. Geol. survey number 68; '* streamed,'' light red, metamorphic 
rock, with translucent laminations and specks. From near London. 

No. 153. Geol. survey number 74; brick-red, rather fragile, apparently 
gritty and subcrystalline. At the mouth of Passabika river. 

No. 154. Qtol, survey number 117; **Two Harbor rock," crypto-crystal- 
line, brown, conchoidal fracture, heavy. 

No. 155. Geol. survey number 124; purplish red granite, from the west 
bluff at the entrance of Beaver bay . 
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No. 156. OeoL survey number 127; gray qnartzyte, month of Bea\er 
creek, Beaver bi^. 

No. 157. Geol. survey number 134; red granite, from the third island 
below Beaver bay. 

No. 158. Geol. survey number 139; rock of the bulk of the Great Pali- 
sades. 

No. 159. Geol. survey number 140; red, laminated, or '* streamed," at 
the base of the Great Palisades. 

No. 160. Geol. survey number 149; red, shaly, sandrock, associated with 
conglomerate, half a mile below the first faUs of Baptism river. 

No. 161. Geol. survey number 161, A; brown, aluminous vein-rock, crys- 
talline (?), from trap-rocks at the town line between ranges 5 and 6 (on sec. 
36), east of Pork bay. 

No. 162. Geol. survey number 203; the red rock at Grand Marais, txun- 
ishing the pebbles of the beach. 

No. 163. Geol. survey number 262; slaty, pinkish quartzyte, at the head 
of Wauswaugoning bay. 

No. 164. Geol. survey number 285; red granite, from the first island N. 
W. from Belle Rose island, south of Pigeon point. 

No. 165. Geol. survey number 555; red sandstone or quartzyte, fine 
grained, from the north side of Siskiwit point. Isle Royale, formerly quarried 
for building stone. 

No. 166. Geol. survey number 809; red shale, from the quarry at Fond 
du Lac, resembling the pipestone of southwestern Minnesota, but softer and 
more sectile. 

No. 167. Graphite from the vicinity of Aitkin, from Mr. Palmer, 

said to be from a well which struck the rock at 18 feet, situated two miles N. 
W. f om Aitkin, apparently in a bed in the rock of the region. 

No. 168. Brine from the Humboldt well, in Kittson county, from the depth 
of about 180 feet; artesian. 

No. 169. Brine flowing from the large pipe at the Humboldt well, from the 
sandrock at the depth of 450-500 feet 

No. 170. Water from the Mississippi river at Brainerd, obtained by Dr. 
Howe in August. 

No. 171. Iron ore, from Mayhew lake, north of Grand Marais. 

No. 172. Rotted trap-rock, fromT. 64.7 W., sec. 23, supposed to contain 
gold. From E. M. Fowler. 

No. 173. Small slab of pipestone. Museum register number, 5,559; to 
scrape off the supposed fossil shells and test for phosphorus or lime. 

N. H. WiNCHELL. 
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XIV. 

MINNESOTA GEOGRAPHICAL NAMES DERIVED 

FROM THE DAKOTA LANGUAGE, WITH 

SOME THAT ARE OBSOLETE. 



BY PBOF. A. W. WILLIAMSON. 

[Note. — Pronnnciation is indicated by respelling the word in a phonetic 
alphabet identical with that of Dr. Biggs* dictionary, except that the digrapha 
ch, gh, kh, sh, and zh, are used for his dotted c, g, k, s, and z, and only one 
form of n. A as in far; e as a in fate; i as in machine; o as in note; n as in 
ml*"; ch as in charq^; kh as German ch; gh snbvocal of kh. t. e., continuant of 
g; zh as z in aznre; t, k, p, w, h, s, and z as in English; b and m nearly as in 
English, but made nearer together; n and d approach each other still more, it 
being difficult for an nnpracticed ear hearing some words spoken by some Indi- 
ans to determine which of the two is used; n when it ends a syllable is sounded 
as Canadian voyageura sound n in bon, much more strongly than the same 
sound is given by Parisians. Most Dakotas very slightly nasalize all their 
Towels, and in the case of a succeeded by k this nasalization is quite peroept- 
ib-e to a practiced ear; as, however, it is an entirely different sound from the 
nasal repreRented by n, it is obviously improper to confuse words by represent- 
ing it in the same way, and being an accidental sound of no etymological value 
and scarcely perceptible in pronunciation, it does not seem desirable to repre- 
sent it at all. That we should write Makato instead of Maakato 1^ evident in 
this, that mdka means earth and manka skunk, and no Dakota in saying blue 
earUi would in any case use the strong nasal sound represented by n, and which 
if used would lead the hearers to suppose he meant, blue skunk. It is said 
that Fremont (Nicollet's map) wrote Mahkato and the h was changed to n by 
a broken type.] 

Anoka (anoka), — on both sides; name applied by founders to 
the city laid out on both sides of Bum Eiver, and since applied 
to the county. 

Chaska (chaske), — first born child if a son; applied to the vil- 
lage by its founders. 

Chapah (chapa), — beaver; the Dakota name of Beaver creek, 
a tributary of the Minnesota, and still retained on old mai>s. 

Chanka sndatatah (chanka sdata), — chan^ wood; ka, kindle; 
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sdata, feeble; the name applied to the Big Sioux river on Nicol- 
let's map, as given by the Dakota^, but I think not in use of re- 
cent years. The Dakotas still call the Piresteel, a tributary of 
the James, or Dakota, Chanka. 

Chanshayapi; — cJian, wood; s?ia, red; ayapi,*are on; Eedwood 
river; so called by the Dakotas on account of the abundance of a 
straight slender bush with red bark, which they scraped off and 
smoked, usually mixed with tobacco. This name is spelled by 
Nicollet Tchanshayapi. 

Chetanba wakpa (chetanbe wakpa), — chetan, hawk; 5e, neet; 
VDokpaj river or creek; Hawk creek, a tributary on the north 
side of the upper Minnesota. 

Cokato (chokata),— choka, the middle; ata, at; the name of a 
station on the Manitoba Railway. 

Chokio (chokaya), — the middle; the name of a station on the 
H. &. D. Ry. 

Dakota (dakota), — alliance league; the name by which the 
Dakotas called themselves; now applied to the territory, to a 
county, and to a village in Minnesota, etc. Lakota, a village in 
North Dakota, is the same word in the Titon form. 

Byota (iyotan), — ^greatest, most; name of a town in Olmsted 
county. 

Hoghanwanke kin, — hoghan, fish; wanke, lies; kin, the; the 
place where the fish lies, the Dakota name of the St. Croix. For 
legend see Neil's Minnesota, p. 94. 

Hokah (hutkan), — root; the Dakota name of Boot river, re- 
tained on old maps, and now the name of a village in Houston 
county. 

Imnizhaska, — imnizka, ledge; ska, white; the Dakota name of 
St. Paul, given on account of the white sandstone cropping out 
in the bluffs. 

Intpah (intpa or inkpa, — k and t interchangeable before p), — 
end; the Dakota name of Lac qui Parle creek, flowing into the 
river at the end of the lake. 

Inyan tankinyanyan, — inyan, stone; tankinyanyan, big; the 
Dakota name of Big Stone lake. The name is translated on 
Nicollet's and other old maps. It is so named on account of the 
large number of drift boulders along its shores. 

Inyan sha, — inyan, stone; sha, red; the Dakota, name of Red 

Bock, near St. Paul. A few rods from the river, near the house 

of Mr. Ford, an early settler, was a large egg-shaped syenite 

boulder, believed by the Indians to be the abode of a powerful 

14 
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spirit, which they worshiped by keeping the stone carefully 
painted red, and by offerings of food. Every stone and every 
other natural object was believed by the Dakotas to be the abode 
of a spirit, but hard, egg-shaped stones only were worshiped. 

Ipakshan, — crooked; Mdeipakshan, crooked lake, another 
name given to Big Stone lake, referring to its shape; toal^ 
ipakshan, crooked river; the Dakota nameof theBig Sioux river. 

Isantamde, knife lake; one of the Mille Lacs, found with vari- 
ant spellings in the Dakota form, and translated, on old mai>s. 

Isanti (isanati or isanyati), — isan, knife; ati dwell on or at; 
the Dakota name of the part of the nation occupying Minnesota, 
and comprising the Sissetons as well as those now known afi San- 
tees; it is supposed the name was given as this lake was their 
chief location for a time on their westward journey; the name 
of a county. 

Ishtakhba, — ishta, eye, Jchba, sleepy; the name of an eminent 
Dakota chief, a firm friend to the whites, who was the first signer 
of the treaty of 1851. The name was probably applied to Sleepy 
Bye lake about 50 years ago, when his band planted there. 
Nicollet's map names it Sleepy Bye lake; it is now also the name 
of the village near it. 

lyedan (iyedan), — mdCy lake; iye, speaks; dan, diminutive 
suffix, forms mdeiyedan, the Dakota name of Lac qui Parle^ 
given as iyedan lake on old maps; it is very uncertain how it 
received the name; one tradition says from an echo on its shores; 
but it is doubtful if any such existed; another tradition is that 
when the Dakotas first came to the lake voices were heard, but 
they found no speakers; some think the word has changed its 
form. 

lyakhba, — sleepy ones; the name of the Iowa Indians and the 
country occupied by them. Early explorers state that this is 
the Sioux (Dakota) name. It is probable that 1*00 years ago the 
Santees pronounced this word as the Titons now pronounce it, 
lyakhwa. As the kh is a sound not found in French it was 
often omitted, and usually expressed by h, if at all, which occa- 
sionally occurs. The spelling Ayavois, as given by Le Sueur, is 
as near to this word as could be expected. 

Izuza (izuza), — whetetone; the Dakota name of Whetstone 
creek, a tributary of the Upper Minnesota; the Dakota form is 
retained on Nicollet's map. 

Khakha, — falls; the Dakota name of St. Anthony's Palls, as 
pre-eminently the falU. 
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Khakha wakpa, — falls river; the Dakota name of the Missis- 
sippi river. 

Kandiyohi (kandiyohi), — kandi, buffalo fish; y, euphonic; ohi, 
arrive in; name of the lake which still retains it, since given to 
the town and county. 

Elanpeshka (kanpe ska), — name of a round, curved, white 
medal, made of shell and worn by the Dakotas, and probably 
given to the lake a little west of the boundary on account of suit- 
able shells for making these ornaments which were found there. 

Kaposia (kapozha, the j) written by Dr. Eiggs with a dot sub- 
script to denote a peculiar palated modification), — light; the 
name of Little Crow's band, and the site of their village four 
miles below St. Paul on the opposite side of the river. The 
name was given in honor of their skill in the favorite game of 
lacrosse^ in which one band played against one, or sometimes 
against two others, for large stakes. Success depended largely 
on swiftness (lightness). 

Kiifiota (kasota), — clear or cleared oflF; the name sometimes ap- 
plied by the Dakotas to the naked ridge or prairie plateau south 
of the village of that name, and now applied also to a creek 
running through it. 

Mahtomedi (matomde), — mato, the gray bear, ursus marUimtis, 
mde lake; the Dakota name of White Bear lake, now the name 
of a camp situated on it*. 

Mahtowa: mato grizzly bear; wau, one; name of a station on 
Duluth Eailway, north of Hinckley. 

Mankato (makato), — the Dakota name of Blue Earth river, 
the name of the city as now spelled would in Dakota mean blue 
skunk (see remarks on pronunciation, ante). 

Mayawakan (mayawakan), — maya, st-eep banks; waJcan, won- 
derful, sacred, mysterious, here properly translated remarkable; 
the Dakota name of the Chippewa river, tributary to the Min- 
nesota; the Dakota form is given on many old maps. It is said 
that Chippewa is our translation of the Dakota work Khakha- 
tonwan, dwellers at the falls, i. e,, Palls of St. Mary, and that it 
was applied because the Dakotas sometimes spoke of it as the 
river down which they came. 

Mdewakanton, — dwellers at the lake; a name applied to the 
part of the Santees occupying eastern Minnesota and western 
Wisconsin, said to have been given because they still continued 
for a time on lake Superior after the other Dakotas left it. 

* A well-known ■ummer resort, near the village of White Bear lake, near St. Paul. 
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Mdechau, — mde lake; chan wood, Wood lake; the Dakota 
name of the lake where General Sibley gained the decisive vic- 
tory over the rebel Dakotas, Aug. 23, 1862. 

Mdehdakinyan, — lake lying crosswise; the Dakota name of 
lake Traverse, it lying crosswise to Big Stone lake. 

Mde Minnesota (mdeminisota), — sky-tinted lake, or having 
water nearly clear, but with a slight whitish tint; the Dakota 
name of Clear lake near Fort Bidgely; the Dakota form is given 
on some old maps. 

Mdeyata, — md€y lake; ata, at; at the lake; this expression was 
used by the Dakotas in speaking of lake Superior, regarded by 
them as pre-eminently the lake, and so not specially named. 

Mde tanka, great lake, signifying the ocean, of which they 
retained distinct traditions. 

Mdeyatanka, — mdej lake; ya, they speak, say; tankaj large; 
the lake spoken of as large; the Dakota name of Ottertail lake. 

Mendota (mdote), — the mouth of a river; name of a village 
at the junction of the Minnesota and Mississippi. Those living 
at a distance usually spoke of it as Khakhamdote, junction with 
the Falls river, i. e. the Mississippi river. 

Maka re ozey (maka khe oze), — yellow banks; the Dakota 
name of the Yellow Banks river, a tributary of the upper Min- 
nesota. 

Magha tanka, — big goose, i. e, swan; the Dakota name of 
Swan lake, Nicollet county. 

Minneapolis, — mini, water; polis, Greek for city; how the a 
got in seems very uncertaio, some regard it as merely euphonic, 
others as the Dakota prefixed preposition a, on, others as an 
abbreviation of the Dakota kha, falls, while still others, but I 
think with little plausibility, derive it from the Greek. 

Minnehaha (minikhakha), — mini, water; kha kha, falls; kha- 
kha is derived from kha, curl, being the frequentative form 
used with mini, water, meaning falls ; used with i mouth, mean- 
ing laughing. To translate Minnehaha, *' laughing water," 
though not strictly accurate, is certainly an allowable poetical 
license; the name of the well known cascade near Fort Snelling; 
the Dakotas usually called it, chistina, small, in distinction 
from St. Anthony's falls. 

Minneinneopa, or Mineopa, (mini inonpa), mini, water inonpon, 
second ; the name of a beautiful cascade near Mankato, so called 
because the second of two falls near together. 

Minneiska (mini ska), — mini, water; ska, white; the Dakota 
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name of the creek so called ; as well said by Eev. A. L. Biggs 
'^thei has no business there,'' yet it dates back to Nicollet's 
map. 

Minneota (mini ota), — much water, a station on the Winona 
and 8t. Peter Railway, said to be so named by an early settler 
on account of an abundance of water flowing into his well. 

Minneola, — mini water; olaj Latin diminutive, said to have 
been invented as a parody on Minneapolis, and applied to a 
township in Goodhue county, as the settlers thought its eupho- 
nious sound typical of the beauty of the country. 

Mini wakan, — the wonderful water; the Dakota name of 
Devil's lake, said to have been applied on account of its being 
so large, and having no outlet. Wakan is persistently trans- 
lated devil by many frontiersmen, but it is in no case used in 
that meaning. In names it is nearly always an adjective, mean- 
ing wonderful, remarkable ; in other cases as an adjective, it 
means mysterious, sacred ; as a noun it always means god. 

Minnesota, — (mini sota), water nearly clear but slightly 
clouded, as that in the Minnesota river, so called by the Dako- 
tas. This river is on old maps called St. Peter's, a name given 
by the French explorers. 

Minnetonka (mini tanka), — great water; the name of the 
beautiful lake and summer resort near Minneapolis. 

Minnewashta, — minne, water; icashte, good; name of a lake 
known as *' White Bear Lake," then **Lake Whipple." and 
since changed to Minniwashta, by act of the legislature, situa- 
ted in Pope county, near Glenwood. 

Okabena (hokahbena), — hokdhj heron; he^ nests; /la, diminutive 
suffix; the nesting place of the herons; the name of the lake at 
Worthington. 

Okaman (hokahman), — hokah, heron; maUj nests; the name 
applied to mills near Lake Elysian, said to have been applied by 
the Dakotas to the same site. Man and be are variant forms of 
the same word. The loss of the h in these two words is ac- 
counted for by the lighter stress laid on this sound by Dakotas. 

Okheyawabe, — okhe, hill ; yawahe^ referring to its being much 
visited ; the Dakota name of Pilot Knob, back of Mendota. 

Oiyuweghe, — the crossing; the name given by the Dakotas 
to Travers des Sioux, because they usually crossed the Minne- 
sota here, in going from the upper to the lower villages. 

Omaha, — the Dakota name of the Omaha Indians; applied to 
a small creeek in Southwestern Minnesota, on old maps. 
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Ojata (ozhate), — forks; the name of a station near Grand Forks, 

Owatonna (Owotonna), — straight; the Dakota name of Straight 
river, on which the city of Owatonna is situated. 

Pajutazee (pezhihutazi, abbreviated from Pezhihntazizi ka 
pi), — p^t, generic name, including grasses and all other erect 
plants without wood st;ems; huta, root; zi, yellow; kapi, they dig; 
diggings of yellow plant root, or yellow medicine diggings; the 
Dakota name of the Yellow Medicine river, written by Nicollet 
Pejuta zizi; the name as first spelled was the name given by Dr. 
T. S. Williamson to his station, and is found in this form on a 
number of maps. 

Ptansinta, — probably of ptan, otter, and sinte, tail; the name 
of the Dakota village at the head of lake Traverse. 

Be ipa (khe ipa), — Khe, hill or ridge; », prefixed preposition, 
to; pa, head; the Dakota name of the **head of the Coteau." 

Bemnicha (Khemnichan), — Khe, hill; mni, contraction of mim, 
water; chan, wood; the Dakota name of Red Wing, given on 
account of the union of these features there; applied also to Hay 
creek flowing into the Mississippi there. 

Sappah (sapa), — black; the Dakota name of Black river, Wis- 
consin. 

Shakopee (shakpi), — six; the Dakota chief of the band for- 
merly occupying the site of this city was ShaJcpidan, Little Six. 
The usual Dakota name of the band was Tinta tonwan. Dwellers 
on the prairie. 

Shunkasapa, — ahunka, dog; sapa, black; Black Dog, a Dakota 
chief, and name of his village near Hamilton station, Omaha 
Bailway. 

Sisseton (sisin towanyan), — sissin, fish scales; towanyan, village; 
the most numerous clan of the Santee Dakotas^ They occupied 
in common with the Wahpetons, nearly all Minnesota west of 
Carver, except the extreme northern part. The name was given 
them when they were further east, living principally on fish, and 
in one village. 

Tamaha — pike; the Dakota name of Hudson; for legend see 
Neil's Minnesota, p. 94. 

Tanpayukedan — tanpa, white birch; yuke, is there; dan, dimin- 
utive; the Dakota name of Birch Cooley, where our forces under 
Maj. Brown fought a disastrous battle in 1862. 

Tchanshayapi, see Chanshayapi. 

Tintah (Tinta), — prairie; a station on the Manitoba Bailway. 

Tintatonwan, see Shakopee. 
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Tipsinna, — a farinaceous bulbous root, a much used and highly 
prized article of food; the name applied to thePomme de Terre, 
or apple river. The French is a translation from the Dakota, 
the English a mis-translation from the French. 

Wahnatan (waanatan), — he who makes an attack; a celebrated 
Sisseton chief, formerly the name of a county in Minnesota. 

Wabasha (Wapahasha), — red battle-standard; as wapaha is 
also used to mean hat, this is sometimes incorrectly translated 
*'Eed Hat;" the name of the chief whose land occupied the 
country below lake Pepin and had their village on Winona prai- 
rie, which was for many years called *^ Wabashaw prairie'' by 
steamboatmen and early settlers; it is* now the name of a city 
and county, but the oft repeated statement that this was his resi- 
dence is erroneous. 

Wacouta (wakute), — he shoots; the name of the chief whose 
band was located at Eed Wing; the name of the railway station 
next south of Eed Wing. 

Wahpeton (wakhpetonwan), toakhpe, leaves; tontoan, dwell, 
dwellers among the leaves, one of the four Sautee clans; (see 
Sisseton), a town in Dakota. 

Wahpekutey (wakhpekute), — leaf shooters, the smallest of the 
foui' Santee clans. They lived chiefly in the valleys of the Blue 
!E2arth and Cannon. 

Wakinyan oye, — the thunderer's track; given by Nicollet who 
translated it lightning's track; the name of three small lakes 
near Big Stone lake. The Dakotas say that these tracks were 
made by the infant Thunder-god, probably the most worshiped 
of their deities. 

Waraju, — wagJui, cottonwood; zhu, pour, plant, etc.; the name 
applied by the Dakotas to the Cottonwood and Little Cottonwood 
rivers on account of the Cottonwood groves so frequent along 
them. The word little is, in Dakota, chistina, and placed after 
the noun. 

Watonwan, — this word might mean "I see," or *^he sees," 
Intransitive; it may have been applied to this branch of the 
Blue Earth as being a prairie country and presenting a good 
prospect, but it is uncertain whether this is the meaning on 
which the appellation was given; the Dakota name of the river, 
now used for the county, also, 

Waseca (wasecha), — rich, especially in provisions. I was in- 
formed in 1865 by a gentleman who was a stranger to me, 
who professed to be one of the first settlers, that this name was 
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given in response to inquiries as to the Indian word for fer- 
tile, and adopted aa a name. In Dakota writing and books 
the word waseca is spelled as we spell the name, and is a 
word likely to be given in answer to such a question. The soil 
is also very fertile. I have since several times seen it stated in 
print that the word is a corruption of washichun, white man, 
given on account of a solitary white man residing there, but I 
am unable to ascertain that there was any such resident, or that 
any Dakota ever gave the place this name, and think the first 
derivation much more probable. It is the name of a city and 
county. 

Wasioja (wazi ozhu), — toazi, pine; ozhu, place in, etc.; the 
Dakota name of the Zumbro river, given on account of the scat- 
tered pines; retained on old maps and applied by the whites to 
a village in Dodge county. 

Wastedo, — wdshte^ good; do^ emphatic particle; name of a 
post office in Goodhue county. 

Waubay (wabe), — place of hatching of birds; name of a lake 
and town west of Millbank, Dakota. 

Wayzata (wazi yata), — wazij north (also pine), ata^ at; the 
name of the station at the north end of Lake Minnetonka. 

Winona (winona), — first born if a daughter, diminutive of 
wino woman; the name of the city built on what was formerly 
called *^ Wabashaw's prairie." The name of the band was Ki- 
yuksarij breakers in two, or violators, so called because they vio- 
lated the custom forbidding relatives, however distant, to marry. 

Yankton (ihanktonwan), — end village; the clan of Dakotas 
formerly occupying the southeast part of Dakota. It is said that 
this name was given when their village was at the west end of 
Lake Superior, but this is uncertain. 

In preparing the above I am greatly indebted to an able article 
in lapi Oaye, January, 1883, by Rev. A. L. Riggs, and to in- 
formation obtained from my father. Dr. T. 8. Williamson. 

A. W. W. 
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XV. 
ENTOMOLOGY. 



BY O. W. OBSTLUND. 

Minneapolis, Minn., April 1, 1886. 

H-of. N. H. Wlnchelly 8UUe geoloffist: 

There is probably, at present, not a crop in this state more 
threatened and injared by insects than the cabbage. It is for 
this reason that I submit the following list and notes on insects 
ii^nrions to the cabbage, as they were observed last summer on 
the experimental fftrm of the State University, incomplete as 
they may be when applied to the whole state, being the obser- 
vations of bnt one season and confined to one county. Still, I 
hope they may have some value to the fEtrmer and gardener in 
their endeavor to become familiar with and to overcome these 
pests; being the first record of several of these insects as occur- 
ring in Minnesota, they will also have their scientific value. 

INSECTS INJUBIOTJS TO THE CABBAGE. 

1. — Pieris rapcBj Schrank — The white or imported caibage butterfly. 

This is the most common and destructive of our cabbage in- 
sects. It was introduced from Europe, where it also proves 
quite destructive to the cabbage, about thirty years ago, and 
has already spread over the greater part of North America, proving 
that introduced species often flourish exceedingly, and become 
even more destructive than native species of similar habits. It 
has, apparently, already settled down for good in this state, and 
can be considered as a permanent addition to our insect-fauna. 
I believe that this species is so well known that no description 
15 
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is necessary for its identification, but as we have several other 
species similar in habit and hardly less injnrions, I shall give a 
short description of all of them, so that they can be more easily 
compared and identified by the intelligent farmer and gardener, 
who may wish to know something abont the destroyers of their 
labor and how they may best free themselves firom theuL 

Description. 

The eggs. — ^These are laid by the white bntterfiy that we see 
hovering aronnd oar gardens as soon as the tender plants are 
ready to be set ont in the spring, and are continued to be laid for 
successive broods during the whole season whenever the weather 
is at all fiivorable. They are very small ; fusiform ; ribbed lon- 
gitudinally, which can be easily seen by a lens ; of a light yel- 
lowish color, but which soon becomes darker. Generally they 
are found singly or only a few together on the under side, but 
also occasionally on the upper side, of the leaves. 

l%e larvcB. — ^The larvae, or worms, as they are more commonly 
called, are rather sluggish in their movements ; of a velvety- 
green color, with black dots, a pale yellowish stripe down the 
back, and a row of yellow spots on each side. They are gener- 
ally found in all sizes, from those just hatched to the Aill grown 
one, about one and a half inches in length. They are also found 
to feed upon the cauliflower, turnip, mustard, and other crucif- 
erous plants, though they seem to be very partial to the cabbage. 

Tfie chrysalis, — The chrysalis is really an object of beauty and 
wonder, although we destroy it without consideration, as it 
proves so destructive to our garden if allowed to develop. It is 
about three-fourths of an inch long; angulated, and pointed at 
both ends; in color it varies with minute black dots from grayish- 
green to quite light. It is found suspended by a web of silk at 
the end of the body, into which the hooks of the posterior end 
are twisted, and also by a thread of silk, stretched around the 
back and fastened to the board, fence or stone under which the 
larva has chosen its place for transforming. 

The imago. — The full developed butterfly has the body black 
and quite hairy; the wings white above, with a dusky or black 
space at the tip of the fore wings, and several black spots dis- 
posed in a line on the middle of the wings; on the under side 
the hind pair of wings are yellowish, the fore pair only so on 
the anterior part. It e:xpands from two to two and a half inches. 
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Suhfeei toparcuUes and sickness. 

Several x>An»iteB are already known to occur in this country 
on the larvsB of this species, and they will probably prove an 
effective check on the too great increase in the future. As far 
as known, none have yet been observed in this state, but if not 
actually here they will be as sure to occur in due time as the 
butterfly itself. Parasites generally do spread a great deal 
slower than the insect on which they live. The larvse are also 
known to be subject to some kind of sickness that occasionally 
cari-ies them off in great numbers. During the past season this 
has proven to be very generally the case in this state. The 
cause of this sickness, or epidemic as it might well be called, 
has not yet been made out to satisfaction, but very probably it 
is, as has been suggested by some entomologists, some kind of 
fungus disease or rot, which is favored by the dampness of the 
weather and the slow vital energies of the larvse during such 
times; for it has been observed that during long rains and con- 
tinued dampness it is very prevalent among the larv®, while 
during dry, or only showery, weather, it is rare. The larvae as 
soon as affected cease to feed and become even more sluggish in ' 
their movements; their bodies become very pale and soft, and 
some time after they can be seen hanging from one of their legs, 
or fallen to the ground, and the contents of their body dissolved 
and running down as a black fluid, leaving only a black streak 
on the cabbage leaf as the remains of their former existence. 

Preventives and remedies. 

Whenever the insect can be destroyed in any of its stages it 
will prove an effective preventive, especially if it be the female. 
Crenerally we do not pay any attention to the chrysalids, even 
if we find them in great numbers on the fences, in the rubbish, 
etc., around our garden, but we let them all develop into the 
white butterfly, and this we allow to fly unmolested over our 
cabbage plants until they have been well stocked with the future 
brood; and not until the larvflB have become so numerous that 
they threaten to devour our whole crop, or at least seriously 
damage it, do we look around for some means of saving it. A 
great many remedies have been experimented on and proposed, 
but mostly they are either too costly or impracticable in their 
application to become of general use. When the crop is too 
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large to be taken care of by hand-picking, which is the cheapest 
and surest way in a small garden, we have found the application 
of hot water to be one of the best. It was tried several times last 
summer at the experimental farm of the State University, and 
with very satisfactory results. The thick leaves of the cabbage 
are such that they can stand water being sprinkled on them at 
a boiling point without any bad effect, and it will prove a sure 
destruction to all the larvse. A good and careftd cultivation is 
also very imi>ortant. If we neglect our garden or field it will 
become only a too fit place for injurious insects, and remedies 
that we may apply will be of little use, while in a clean and well 
cultivated garden the injury will seldom become serious. 

2. — FluHa broMicWy Riley. — The cabbage Plusia. 

This ii^ one of the most destructive species to the cabbage in 
the southern states. It has been recorded as for north in the 
Mississippi valley as Illinois, but I think this is the first no- 
tice of its occurence in Minnesota. I have taken it repeatedly 
during the last season, both in Bamsey and Hennepin counties, 
where it by no means is a rare insect; and the extent of its in- 
jury is hardly less than that of the foregoing species. Prom 
present indications we have much to fear from it in the future. 
Pew of our farmers and gardeners seem to be aware of its exist- 
ence, but this is probably from the different habit that this 
species has from the foregoing and more common white cabbage 
butterfly. The imago, being a moth, is seldom ever noticed in 
the cabbage field, and the larvse are in size and color somewhat 
similar to those of the white butterfly and can therefore be easily 
overlooked by the untrained observer. The food-plants of the 
larvfiB in their native state are several of our wild herbs, but 
unfortunately they have also taken a liking to several of our 
garden plants, as the cabbage, turnip, tomato and celery. 

Description, 

The eggs. — According to Prof. Eiley the eggs are pale, green- 
ish-yellow in color, somewhat convex, and about .55 mm in di- 
ameter (.02 inch). Prom the centre radiate numerous elevated 
ridges which are divided by transverse and less distinct ridges. 
They are very loosely attached, either singly or in small clusters, 
to the leaves, for the most part to the upper, but exceptionally 
to the lower sui*face. 
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The larva. — ^The larva is light green in color, with several 
£unt white lines along the back; thickest at the posterior end 
and somewhat tapering in front. It is one of the so-called loop- 
ers, and on being disturbed or in rest will raise the middle of 
the body so as to form a kind of loop and remain in this position 
sometimes for a long while. It eats long, irregular holes into 
the cabbage leaves. According to Prof. Eiley the larvae of this 
species are subject to several parasites and often to a fungus 
disease, and as they live exposed on the outside of the plant are 
often devoured in great numbers by birds. As &r as my obser- 
vations go with regard to these points in Minnesota, the larvsB 
were ordinarily found on the underside of the cabbage leaves, 
and of all the species I have observed as injurious to the cab- 
bage, this one has been the healthiest and least exposed to para- 
sites. I have raised several hundred of these larvae and a very 
small per cent failed to reach maturity, and during cold and 
damp weather, when nearly every larva of the white butterfly 
was affected by disease, and even some of the other native spe*- 
cies showed weakness, this species seemed to remain unaffected. 
This would lead us to infer that the species has lately extended 
its range into this state and has not yet been followed by its or- 
dinary enemies, and finding here an uncontested field, increases 
without check. If this proves to be so we have much to fear 
for the coming years until the parasites will also have extended 
as fiEir. 

The pupa. — The pupa is about three-quarters of an inch long; 
dark brown in color. It can easily be secai through the very 
loose web-like cocoon that the larva spiiis around itself before 
undergoing the transformation. The place for transforming is 
generally on the leaf or stalk of the plant on which the larva 
has been feeding. 

T?ie imago. — ^The moth is of a grayish-black color, with a 
patch of silvery white on the fore pair of wings, and a spot of 
the same color immediately below this patch; the hind pair of 
wings are lighter colored, with posterior half blackish and sur- 
rounded by a fringe of white; the underside of the moth is of a 
dull silvery-gray. 

Remedies. 

This species has shown itself better able to withstand the ap- 
plication of insecticides than any other, and will therefore be 
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more difficult to get rid of. Hot water will kill the larv® if it 
reaches them. We shall probably have to look to the natural 
enemies as the best check here as elsewhere, if they should prove 
to become as common as the white butterfly. 

3. — FliUeUa cruciferarum, ZeU. — The cabbdge Fluted. 

This little moth ia very common over the greater part of the 
United States, and, like closely related species in Europe, proves 
very destructive to the cabbage, turnip, and similar plants. 
From the small size of the larva and moth of this species it 
seems to have been very generally overlooked in this country, 
and the mischief done by it ascribed to that of the common 
white butterfly. It has been found very common in Bamsey and 
Hennepin counties during the past season, and undoubtedly 
already exists over the whole state where cabbage is cultivated. 
Fortunately it only attacks the outer leaves, leaving the head 
uninjured; but it is incessantly at work on those, riddling them 
with small holes. And during very dry seasons, when they 
sometimes do multiply exceedingly, they may prove very de- 
structive to the cabbage, and greatly stunt and retard the growth 
and the formation of the head. 

DescHption. 

The eggs. — Eggs were at several times noticed that very prob- 
ably will prove to be those of this species. They were very 
small, oblong, about half or a little more than as broad as long; 
fastened from their side and not base as in those of the white 
butterfly; color white or whitish ; surface very much wrinkled. 
Generally found singly, but often in clusters of two or more to- 
gether or in a row. 

The larva. — The larv» are a little over a quarter of an inch 
long; cylindrical, gradually tapering from the middle towards 
both ends; color pale green; head and first segment commonly 
pale yellow. On being disturbed they have a very active wrig- 
gling motion, moving briskly backwards or letting themselves 
fell to the ground by a fine, web-like thread. 

The pupa. — When about to pupate the larva spins for itself a 
very beautiful, gauze-like cocoon, through the wide meshes of 
which the pupa can plainly be seen, and can generally be found 
very plentiful on the outer leaves on which the larva feeds. The 
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pupa itself is about one-fourth of an inch long, of a white color^ 
with the black eyes at the base of the antennee very conspicuous. 

The ifnago. — llie moth measures about .^ in. in length to the 
tips of the closed wings, and when at rest the antennse are di- 
rected in a straight line forward, and not turned backward as is 
generally the case. On being disturbed by walking through the 
cabbage field, it can be seen flying with a very quick motion^ 
but only for a short distance, when it will again alight on some 
plant until disturbed. 

Bemedies applied to the other species are also generally very 
effective on this. 

4. — Oeramica picta, Harris. — The Zebra cabbage 'warm. 

ELarris, some thirty years ago, called attention to this species 
as occasionally injurious to the cabbage, cauliflower, spinnach, 
beet, and other garden vegetables with succulent leaves. It has 
since, at several times, shown itself quite destructive to the cab- 
bage, especially during dry seasons, when the wild plants, upon 
which it ordinarily lives, have become dried up. It was taken 
at several times on the cabbage during the last summer, in Min- 
nesota, and must, therefore, be put down as one of our insect 
enemies to the cabbage against which we need to be on our guard. 
The larva is very conspicuous on account of the bright yellow 
markings, or bands, on either side. It lives, exposed, on the 
leaves of the plants on which it feeds. 

Description.. 

The larva. — When young the larv® are almost black. They 
are then gregarious in habit and can be found from twenty -five 
to fifty or more on a single leaf, but as they grow older they 
spread all over the field. When full grown they are about two 
inches in length, of a velvety black color, with the head, legs 
and under side tawny red; on each side there are two lateral yd-, 
low lines and bands, between which are numereus transverse, 
zebra-like lines, giving to the larva a very characteristic ap- 
pearance. 

The pupa. — The larvae when full grown go into the ground 
and there change to the pupa, which is about three-fourths of an 
inch long, in color shining brown, and rather thickly punctured. 

The imago. — The moth is nocturnal in habit, and therefore 
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seldom seen in the field. It is about the same size as the Plnsiii 
moth, but brown in color, shaded with purple-brown. It hae 
three spots on each of the fore wings, edged with gray, and a 
transverse zigzag line, forming a more or less distinct W in the 
middle, near the outer margin. The hind wings are white, 
faintly edged with brown on the upper and outer edges. 

On account of the larv® when young having a gregarioufi 
habit, they can then be easily destroyed by cutting o€f the in- 
fested leaf and destroying it. The eggs are hatched in the early 
part of June, and the young colonies of larvse should then be 
looked for. 

6. — Mamegtra chenopodii, Albin. — The cabbage Mamedra. 

No injury has been reported or observed as caused by this 
species in the state, and so far only a few larvse have been taken 
on the cabbage; but as it has shown itself very destructive to 
the cabbage in other parts of the country, it may, under fiavor- 
able circumstances, become even as destructive here as else- 
where. The larva is easily distinguished f^om any of the foregoing 
by a lateral line along its body of pinkish color; the green color 
varies considerably, from a dark to a light green. The pupa is 
found in the ground, and the moth is of a yellowish-gray color, 
varying sometimes to a dark brownish gray. It has not got the 
■Hvery spots on the fore wings like those of the Plusia. In case 
the larvsB of this species should become very numerous and 
troublesome in this state, entomologists have recommended as 
the best remedy the use of poisoned turnip leaves as a trap. 
The leaves should be well covered with a London purple or 
Paris green solution and placed at intervals along the rows. 

6. — Murgantia higtrionica^ Hahn. — The harlequin cabhage-hug. 

During last summer some of the very characteristic eggs of 
this species were taken on the cabbage on the experimental farm 
of the University, giving indications of a new insect pest for the 
cabbage in this state. It is a southern insect, but has been 
known to extend its range northward from year to year, as the 
Colorado beetle extended its range eastward, though its progress 
has been a good deal slower. It has been recorded in the Mis-^ 
sissippi valley as far north as Illinois, and Professor Lintner, 
in his first rex>ort as state entomologist of New York, intimates 
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that it is capable of extending its range as far north as to include 
Minnesota and Wisconsin. In the sonth it is one of the most 
destmctive insects to the cabbage. It is not a larva or worm 
like the foregoing species we have noticed, bat it belongs to the 
order Hemiptera, or true bugs, sach as the plant lice, squash-bug, 
and similar ones, which are provided with a beak, or rostrum^ as 
it is called, which they thrust into the plants on which they live 
and imbibe the sap, thereby injuring or killing the plant when 
they become very numerous. Although only the eggs have as 
yet been observed in this state, it is very probable that in the 
near future we shall have all the stages, and if it should prove to 
be as destructive here as further south we have another species 
that will not stand back to that of the white butterfly in the 
extent of its injury. I shall therefore call attention to it that 
our farmers and gardeners may be on the watch. As I have not 
had the opportunity to study this species in the different stages, 
having only seen the eggs, I shall give the description of Prof. 
Lintner, found in the report alluded to above. Any information 
or inquiry with regard to this species will be gladly received. 

DeBcrvptUm. 

Eggs. — ^The eggs are beautiful objects, and are easily recog- 
nizable. They are cylindrical, with rounded extremities, placed 
on end, and cemented together by their sides. They are white, 
tinged with green, apically, with two black bands, the upper one 
of which is twice as broad as the lower, and placed a little 
nearer to the extremity of the egg. The apex is strikingly 
marked with a black crescent bordering the slightly-depressed 
lid (which opens upon a hinge for the escape of the larva), and 
occupying rather more than one-half of its circumference. The 
length of the ^g is about one-half greater than its diameter, 
measuring .034 inch by .052 inch. They are arranged in 
two to four rows of three to six eggs in each row. 

The larva. — ^The larvse are small, pale-green, and when more 
advanced become orange-colored. 

The pupa. — The pupa resembles the perfect insect in marking 
and coloring, but may be at once distinguished by having wing 
pads instead of wings, and is not capable of flight. 

T?ke imago. — Measures three-eighths of an inch in length by 
Bearly one-fourth in width. It is conspicuously marked in shin- 
ing blue-black, dull orange and white, as follows : The black 
16 
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head has two short lines upon it of yellowish white ; the thorax 
is orange, with a ring of black on each side, centered with a tri- 
angular orange spot, or with the black diminished and the rin^ 
either interrupted or broken into two spots. The coriaceous 
portions of the wing-covers are orange, crossed obliquely by 
two black bands, and their tips are black. The scutel (the large 
triangular piece covering the central portion of the body) is 
black, with a pale yellow spot at each anterior angle, a black 
terminal tip and a central cross of orange. Beneath, the joints 
of the abdomen bear upoii their margin a row of triangular 
white spots, and intermediately there are three rows of parti- 
colored spots in orange and white. 

No parasites are as yet known to prey upon this species, and 
it has been found very difficult to destroy by any ordinary ap- 
plication of insecticides. 

7. — Aphis hrassiccBj Lmn, — The cdblxige plant-louse. 

The Aphidse, or plant-lice, become at times the greatest tor- 
ments to the gardener and agriculturist. There is hardly a plant 
that has not a species or more of this pest living upon it, and 
often great injury is done. The plant-lice belong to the order 
Hemiptera, or true bugs, and, like the foregoing species, are 
provided with a beak, which they thrust into the plant and suck 
the juices. The cabbage plant-louse has been found more or 
less common through the state, and is probably the most wide- 
spread species of those injurious to the cabbage. They are 
found in clusters or colonies on the upper side of the inner, or 
under side of the outer, leaves, but also sometimes solitary. The 
colonies are made up of wingless individuals of all sizes, and, 
further on in the season, also of winged individuals. 

The young individuals are egg-shaped and of a dull, pale- 
green color, and their bodies dusted over with a pale-grayish 
powder. AntennsB and legs dusky black. 

The females, or largest wingless individuals, are also coated 
with a gray, meal-like powder ; egg-shaped and of a dull, y^- 
lowish-green color ,* eyes black, and also two large spots on the 
crown and one on each side of the neck ; antennsB black, with 
the third joint yellowish. The nectaries, or honey-tubes, are 
short and black, as are the legs ; ba^e of the thighs pale-yellow- 
ish ; body plump, large and unwieldy in its aspect, and about a 
tenth of an inch in length. 
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Winged individuals are dull-greenish in color, varying to pale 
dull-yellowish, and largely varied with black. 

Remedies. 

Fortunately this species has a great many enemies that ordi- 
narily keep it within bounds, and it is> only occasionally that 
they do multiply in such great numbers as to destroy or seriously 
damage a crop. Whenever a leaf is found affected it should be 
cut ofif and destroyed, so as to prevent, as much as possible,* the 
spreading over the whole field. When very numerous, kerosene 
emulsion has been found very effective. 

8. — RaUica pvhescenSj lUiger. 

9. — OriocerU strwlata, Fab. 

The flea-beeUes. 

The little flea-beetles, as they are called on account of their 
jumping to an incredible hight on being disturbed, are very 
similar in habit and appearance to each other. They are found 
destractive, not only to the cabbage, but to most of our garden 
vegetables, by nibbling small holes into the leaves as soon as 
they come out of the ground, and continue to do so during the 
whole season. Often they so injure a bed of vegetables as to 
necessitate replanting. They are both very small, less than 
a tenth of an inch, and shining black ; the second with a broad, 
wavy, buff-colored stripe on each side, and the feet reddish-yel- 
low. The thighs of the hind pair of legs are very much thick- 
ened, like those of the grasshopper, giving them the great leap- 
ing power. They have been found very dificult to get rid of by 
any ordinary application of insecticides. Ashes sprinkled over 
the young plants will drive them off, to some extent. Frogs 
are known to destroy them in great numbera when found and 
allowed in gardens. 

Other 8i)ecies will undoubtedly have to be added to this list* 
in the future, as observations extend, but still we should hope 
not, as the cabbage-grower surely has sufficient with the evil as 
it at present appears. 

Bespectfully, 

O. W. Oestlund. 
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XVI. 

THE CRYSTALLINE ROCKS OF THE NORTHWEST.* 



I desire to call the attention of Section E to some of the in- 
teresting problems that beset the geologist who undertakes to 
study the ci-ystalline rocks of the Northwest, and especially that 
part of the Northwest which is included in the state of Minne- 
sota. Until very recently it has been the practice of geologists, 
almost without exception, to refer every crystalline rock in the 
Northwest either to the Huronian or to the Laurentian. Thus, 
when the survey of the state of Michigan was reinaugurated in 
1869, the geologists of the upper peninsula were compelled to 
choose between a confession of their inability to establish the 
age of the rocks they were studying and the adoption of some 
of the recognized designations. In Wisconsin the case was sim- 
ilar, with the additional fsiCt that the Michigan geologists were 
collaborators. The same was true again in Minnesota. What 
more natural than that the Michigan and Wisconsin rocks 
should be found to extend, with nearly the same features, into 
the state of Minnesota, and that their fitmiliar names should at 
once be applied to themf 

But when on more careful examination, both in the field and 
in the literature of the crystalline rocks, and over a wider ex- 
tent of territory, and especially in the light of more recent re- 
searches in New England, New York, Pennsylvania, and Canada, 
it is found that the nomenclature is imperfect, and furnishes but 
a tottering scaffold to support the workmen of a great and ever- 
spreading structure, we are thrown into such difficulty and doubt 
that we are prone either to reject the old scaffold and build 
anew, or to clear away the accumulated rubbish about the foun- 
dation and examine on what basis the old one stands. To-day, 
however, we intend to do neither of these, but rather set forth 
a few of the incongruities and difficulties of the actual situation. 

*AddraM of N. H. Wincbell, Vioe-Preaident of SeoUon E, at tb« Pblladelphim meeUng (1884) 
of the American Asiociation for th« AdTancement of Science. 
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We are indebted, unquestioDably, to the geologists of Michi- 
gan and Wisconsin for the most exhaustive and satisfactory de- 
scription of the crystalline rocks of the ArchsBan age that has 
yet been published in America. In order that some of the diffi- 
culties of the situation may be made clear, I desire to review 
concisely the broad stratigraphic distinctions of the crystalline 
rocks that have lately been studied in Michigan, Wisconsin and 
Minnesota. By the aid of the published results of the surveys 
of Brooks, Wright, Irving, Bominger, Pumpelly, and others, a 
generalized statement can be formulated. To ttiese I shall add 
such published results and unpublished field observations from 
Minnesota as may be ftimished by the survey of that state, in 
order that the scheme may cover correctly the crystalline rocks 
of the entire Northwest. 

Omitting the igneous rocks, which in the form of dykes cut 
through the shales and sandstones of the Cupriferous formation, 
and are Interbedded with them in the form of overflows, we may 
concisely arrange the crystalline rocks, disr^arding minor differ- 
ences and collating only the broad stratigraphic distinctions, in 
the following manner, in descending order : 

There are six groups : 

First group. 

GranUe and gneiss v>ith gabhro. — This group is represented in 
Minnesota by the gabbro and red syenite at Duluth, and by the 
extension of this range of hills northeastwardly nearly to the 
international boundary. Its thickness is unknown, but certainly 
reaches several hundred feet. The outcrop of red granite near 
New XJlm, lying under the conglomerate and red quartzyte, is 
probably in the sojathwestward line of extension of this group. 
This group is represented by No. xx southwest of lake Michi- 
gamme, by No. xx at Menominee and by No. 1 and la at Black 
river. 

Second group. 

Mica schist. — This group consists of schists that are micaceous 
and often staurolitic as well as gametiferons. It can be seen in 
Minnesota on the Mississippi river at Little Falls, and at Pike 
rapids. The schists are variously associated with beds and veins 
of granite and gneiss. This is No. xix at Marquette, xvii to xix 
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at Menominee, xx to xxn at Penokee, and has a maxhnam 
thickness of 5,000 feet. 

Third group. 

Oarlxmaceous and arenaceous black slateSj and black mica-schists, 
— ^These sometimes pass into roofing slates, with beds of iron ore, 
qnartzyte and dioryte. This group includes the black slates of 
the Animikie group in northern Minnesota, of Knife lake and 
Knife portage on the St. Louis river, and carbonaceous slates 
lately reported near Aitkin on the Mississippi river. It in- 
cludes Nos. XIV to XVII at Marquette, Nos. vi to xvii at Peno- 
kee, and Nos. xv and xvi at Menominee. Thickness 2,600 feet. 

Fourth group. 

Hydro-mica and magnesian schists. — Soft and obscure, becoming^ 
quartzose and also heematitic, also with numerous beds of dioryte. 
In Minnesota this is the iron-bearing horizon at Vermilion lake. 
It is Nos. VI to XIV at Marquette, Nos. iv to vi at Penokee, and 
Kos. VI to XI at Menominee. Maximum thickness 4,450 feet. 

Fifth group. 

This is the group of gray quartzyte and marble. It is represent- 
ed by No. Y at Marquette, Nos. u to v at Menominee and Nos. 
I to ui at Penokee. In Minnesota this horizon seems to run along 
the south side of Ogishke Muncie lake, near the international 
boundary and includes perhaps the great slate-conglomerate 
which is there represented. Normal thickness from 400 to l,00O 
feet; but if the great couglomerate of Ogishke Muncie be in- 
cluded here, the thickness of this group in northern Minnesota 
will exceed 6,000 feet. 

Sixth group. 

Granite and syenite vjith hornblendic schists. — ^This lowest recog- 
nized horizon has frequently been styled Laurentian. In Minne- 
sota it is found on the international boundary at Saganaga lake, 
and large boulders from it are included in the overlying con- 
glomerate at Ogishke Muncie lake, showing an important break 
iu the stratigraphy. Thickness unknown but very great. 
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These six great groups compose, so &r as can be stated now, 
the ciystaUme rocks of the Korthwest. Their geographic rela- 
tions to the non-crystalline rocks, if not their stratigraphic, have 
been so well ascertained, that it can be stated confidently that 
they are all older than the Gupriferoas series of lake Superior, 
and hence do not consist of nor include metamorphosed sediments 
of Silurian or any later age. ^ 

This statement of the grand grouping of the crystalline terra- 
nes of the Northwest may be varied by the addition of detailed 
and minor distinctions and by subdivisions, but its correctness 
rests upon careful observations and reports of competent geolo- 
gists, and cannot at present be gainsaid. 

Examining these groups more closely we find: 

L Wehave beneath the red tiltedshales and sandstones, a great 
granUe and gdbbro ffraup. This has been variously regarded 
by difierent geologists. While by many early observers it 
was classed as older than the series which has latterly been 
designated Huronian, and by others styled igneous and local, it 
has by Brooks been placed with that series and denominated 
^^ the youngest" of the Huronian strata, though no such rocks 
had ever before been mentioned as pertaining to the Huronian. 
By Irving it has been made the base of his Kewenawan. By 
Hunt it has been parallelized with the Montalban. It includes, 
in my opinion, the felsytes and porphyries which have been 
styled Arvonian, and it is very certain that in many places it has 
passed for typical Laurentian. The gabbro is very generally 
admitted to be of eruptive origin, and in its great development 
in Canada it was once styled Upper Laurentian, and later was 
known as Norian. While the gabbro is certainly eruptive, the 
associated granite and gneiss exhibit evidences of being meta- 
morphic in their nature. In northern Minnesota this horizon 
of granite is characterized by a red color and it has an aggregate 
chemical composition almost identical with that of some of the 
associated felsytes. The magnetite of the gabbro is often highly 
titaniferous and so abundant that the rock has attracted atten- 
tion as an iron ore. The gabbro does not always appear where 
the granite is present, but extensive areas of granite 
are spread out without any sign of variation, interrup- 
tion or alternation with the gabbro. In other places these 
two rocks are intricately and intimately mingled both horizon- 
tally and perpendicularly; but the gabbro may be considered in 

I The t«nn SUurian bw« it andentood to ooT«r nothing below the bnae of the Trenton. 
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general as the nnderlying formation. Both these rocks seem to 
have been molten, and simoltaneously so, in some places ; but 
in the great mass of the red, granitic rock, there is a gneissic 
stracture, and in its finely crystalline state, when it seems to 
vary to felsyte, it exhibits a laminated structure which is evi- 
dently due originally to sedimentation. Along these lamina- 
tions, and coincident with them, is a finely lined striation which 
exhibits the ^'streamed" structure, sometimes appealed to, to 
show the igneous nature and origin of the rock. These felsytes 
are occasionally arenaceous, with irr^ularly rounded or sub- 
angular quartz grains, and sometimes are porphyritic with quartz 
and orthoclase. Veins of red granite intersect the gabbro, and 
the gabbro surrounds isolated masses of the granite. Trans- 
ported, boulder-like masses of both are found embraced in a 
common paste among the later igneous outflows of the Cuprifer- 
ous, where their existence is as great a puzzle as that of pebbles 
of red felRjte and quartz-porphyry in the red conglomerates. 
This red granite, so far as I have observed, generally consists 
largely of orthoclase, and in several instances passes impercept- 
ibly into red felsyte. It contains also quartz and hornblende, 
the latter generally changed by decay. The gabbro, when un- 
afifected by proximity to the red rock, consists of the three es- 
sential ingredients: labradorite, diallage and magnetite, with 
some necessary products of alteration, but in the vicinity of 
contact with the red rock it also holds orthoclase and quartz. 

II. Below this granite and gabbro group is a series of strata 
that may be designated by the general term mica schist group. 
This is the principal, but not the only, horizon in which mica 
schist exists. This division is penetrated by veins and masses 
of red biotite-granite, which appear to be intrusive in somewhat 
the same manner as the red granite in the gabbro overlying. 
However, whether this granite is exotic, or can be referred to 
aqueo-igneous fusion and transmission of the sedimentaries in a 
plastic state through fissures in the adjacent formations, is a 
question which still is a matter of earnest investigation. The 
existence of the great associated igneous gabbro is suggestive, 
if not demonstrative, of the presence of an adequate agent for 
such a metamorphism — unless it be claimed, indeed, that such 
an extravasation of molten rock could take place without any 
marked and traceable effect on the contiguous formations. These 
granite veins penetrate only through the overlying gabbro and 
this underlying mica schist. They are wanting or comparatively 
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rare throughout the rest of the crystalline rocks. On the other 
hand there is an abundance of diabase and other doleritic rock, 
in the form of dykes, throughout all the crystalline strata. This 
points to the mere local nature of the origination of these gran- 
itic veins, and hence to the metamorphic nature of the granitic 
mass with which they are connected. It has been shown by 
Dana that granite suffers a change to mica schist, in western 
Massachusetts ; Brooks, as well as Emmons, has- shown it inter- 
stratified with linxestone in St. Lawrence county, New York. 
They both also state that the Potsdam sandstone becomes gneis- 
sic. The same has been affirmed in Vermont by Dr. Hitchcock, 
and by Dr. Frazer in Pennsylvania. Hence, there is no impro- 
priety in supposing that some great change has passed over the 
sedimentary strata of this horizon throughout a wide extent of 
country reaching from the Atlantic to lake Superior, and that 
in the emergences of upheaval and dislocation the sediments of 
one formation were enabled to penetrate transversely into the 
strata of another. 

This mica schist formation has an aggregate thickness of about 
5,000 feet, and sometimes is hornblendic rather than micaceous. 

III. The next lower grand division, which is the third, might 
be styled the black mica slate group. This group contains much 
carbon, causing it to take the form of graphitic schists, in which 
the carbon sometimes amounts to over forty per cent. ^ These 
schists are frequently quartzose, and also ferruginous, even com- 
posing valuable ore deposits, as at the Commonwealth mine in 
Wisconsin. Associated with these black mica slates, which often 
appear also as dark clay slates, are actinolitic schists, the whole 
being, in some places, iutei-stratified with dioryte. Their esti- 
mated thickness is 2,600 feet. 

IV. Underneath this is a very thick series of obscure, hydro- 
micaceous and greenish magnesian schists^ in which, along with beds 
of gray quartzyte, and clay slates, occur the most important de- 
posits of hiematitic iron ore. The lower portion of this series, 
which at Marquette is represented rather by hornblende and 
chloritic quartz schists, and more rarely is mined as a magnetic 
quartz schist, at Penokee is known as **the magnetic belt.'^ 
This division of the crystalline rocks has numerous heavy beds 
of dioryte. 

V. Below this series of soft schists, which terminate downward 



> A reoeot sniUfsIi of a specimen from near Aitkin, Minnesota, showed between forty-two 
and forty-three per cent of oarbon. 

17 
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-with the magnetic iron ores, is the great qtiartzyte and marble 
group. The marble lies above the quartzyte, and in the Menom- 
inee region has a minimum thickness of at least one thousand feet; 
while at Marquette it gi-aduates into a dolomitic quartzyte of in- 
definite extent, the whole group there being essentially a quartz- 
yte. This is a most persistent and well-marked horizon. The 
quartzyte sometimes holds feldspar; thus having an appearance 
of granulite. In northern Minnesota, the great slate-conglomerate 
of Ogishke Muncie lake seems to represent the lower portion of 
the great quartzyte of this group, and to be the equivalent of the 
lower slate-conglomerate of the ** typical Huronian,'' in Canada. 
In both places this conglomerate is sometimes speckled with 
masses of red jasper. The marble of this group appears adjacent 
to the conglomerate south of Ogishke Muncie lake, and in such 
a position as to overlie it, exposing a thickness of at least twenty- 
two feet. 

Now, the difficulties of the situation arise when we cast about 
to find names for these parts. What are the eastern representa- 
tives of these western groups, and by what designations shall 
they be known t 

Since the geological survey of New York, and the publication 
of its final report, the progress of geological science in Europe 
and America has rendered it necessary to revise some of the dog- 
mas which were regarded as fundamental by the New York geol- 
ogists, and to reject entirely some others. Among these may be 
mentioned the then current theory that the tei|m * 'primary ' ' should 
be applied to any massively crystalline rock, and that all such 
rocks belong to the bottom of the chronological scale of geology. 
If the apparent structural relations of the formations, as seen 
in the field, did not agree with this theory, some violent 
movement in the earth's crust was at once conjectured so as 
to bring nature into accordance with the true theory. Latterly, 
however, it has been shown abundantly by Dana and others, that 
the Trenton, Hudson river and other Silurian rocks are converted 
into crystalline schists; by Whitney that the Tertiary rocks be- 
come crystalline; by Brooks and Frazer that the Potsdam sand- 
stone becomes gneissic; by Eeusch that the clay slates, interbedded 
with the granites and gneisses of the Bergen peninsula of Nor- 
way, • contain characteristic Upi)er Silurian fossils, and by Hitch- 
cock that the Helderberg rocks of New York are involved in the 
crystalline terranes of New Hami>shire. 

sLeslej, Report C«. 
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These more recent crystalline series, however, may all be con- 
sidered as excluded from the scope of search for any parallels to 
the crystalline groups of the Northwest. Our inquiry will in- 
Tolve only the well-known names Laurentian, Huronian, Taconic, 
Montalban, Axvonian, Norian. 

We meet at the outset with the question which has now become 
as historic in American geology as the Cambro-Silurian contro- 
versy in England, and which concerns very nearly the same geo- 
logical horizon, viz. : Is there a formation such as claimed by Em- 
mons — the Taconic? On this geologists are yet divided. We 
conceive, however, that the division is caused, not so much by 
-doubt as to the existence of a sedimentary fossiliferous formation 
below the New York system, and separating it from the * 'primary, ' ' 
as by doubt as to which and how many of these sub-Silurian strata 
are to be included in the designation of Taconic. Having now, 
however, given the subject very careful consideration, I am ready 
to state my very positive conviction that Dr. Emmons was es- 
sentially right, and that the Taconic group will have to be recog- 
nized by geologists and adopted in the literature of American 
geology. 

Dr. Emmons, in 1842, issued the first that appeared of the vol- 
umes of the final report of the New York survey. In that volume 
he formally sets forth the Taconic system, although, as he admits, 
in an imperfect manner, the area in which the rocks exist not be- 
ing in his (the second) district. In this first presentation of the ' 
system he extended it geographically too far east, and unfortu- 
nately chose a name for it which is appropriate only to a part of 
that eastward extension. We are indebted to the researches of 
several volunteer geologists, Wing, Dana, Dale, Dwight, for the 
disentanglement of the overlying Hudson river rocks from the 
true Taconic rocks, and the demonstration of the incorrectness of 
Dr. Emmons' eastward extension of his system in southern Ver- 
mont. Dr. Emmons' claim, however, in all its essential points, 
remains intact. This consists in the existence of a series of sedi- 
mentary deposits, largely metamorphic, below the Potsdam sand- 
stone, and separating the Postdam from the crystalline rocks 
known as " primary," in an orderly chronological scheme. 

In his report on the agriculture of New York, issued four 
years after that on the geology of the second district, he makes 
more definite and convincing statements, going over the whole 
subject de novo. He gives diagrams showing the Taconic slates 
lying below the Calciferous sandrock unconformably, at White- 
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hall in Washington county, a region that had been colored h£ 
Mather and Hall on their geological maps as Hudson Eiver, and 
lying in the general area described by Emmons as Taconic. He 
gives one also from the hills of Greenbush, opposite Albany, not 
far from the locality in which Mr. Ford has since discovered 
primordial fossils, where he also shows the Calciferous lying un- 
conformably upon the Taconic, the former being fossiliferous. 
He also describes the Hudson Eiver slates as lying unconform- 
ably on the Taconic, a fact which cannot be called in question 
since the recent discoveries of Wing, Dale and Dwight, and 
the stratigraphic investigations of Dana. In fact, the investi- 
gations of these geologists, instead of destroying the Taconic 
system, are only confirmatory of the published statements of Dr. 
Emmons in 1846. 

Although the existence of the Taconic in Maine and Rhode 
Island, as claimed by Dr. Emmons, may not be maintained by 
further research, it is certain that he had the approval of Dr. 
Douglas Houghton in extending it into the state of Michigan. 
In later yeai*s, he also traced these rocks through Pennsylvania 
and Virginia into North Carolina. In Michigan his identifica- 
tions have since been set aside and the same rocks have been de- 
nominated Huronian by Brooks, Wright, Irving and others. In 
North Carolina Mr. Kerr has, in the same* way, ^substituted the 
name Huronian. The conclusive fact that these slat^ had been 
seen by Dr. Houghton, in many localities, to pass beneath the 
Potsdam sandstone, was considered ample to supply the only 
important point of evidence lacking in the Hudson valley. Dr. 
Emmons closes his discussion by stating his theme thus, refer- 
ring to the facts obtained from Dr. Houghton : **It would be diffi- 
cult to add to the weight of this testimony in regard to the sepa- 
rate and independent existence of a system of fossiliferous rocks, 
of an age anterior to the Silurian or New York system." 

It is not necessary to refer to the controversies that arose 
from the creation of the imaginary Quebec group, nor to char- 
acterize in deserved terms the attempt to bury the Taconic in 
the Quebec coffin. It is not necessary to quote the support 
which Emmons had from Barrande, nor to recount the discover 
ies of Mr. Ford, nor the observations of Brooks in St. Lawrence 
county, N. Y., and Rogers in Pennsylvania, though these last 
both affirm that beneath the Potsdam sandstone are extensive 
beds of semi-crystalline strata.* 

i Address of H. D. Rogers, 1844, before the A%80c. Amer. Geol. and Nit. 



Digitized by VjOOQIC 



STATE GEOLOaiST. 133 

There may be reasons why the current literature of American 
geology is almost silent respecting the great work of Emmons, 
and why the Taconic is not known among the recognized geolog- 
ical formations; but we have nothing to do with these at this 
time. We have to say now only that it seems necessary to ad- 
mit that when Dr. Emmons insisted on a great group of strata 
belonging to the age of the Lower Cambrian, lying below the 
Potsdam sandrock in New York, he had some foundation more 
substantial than imagination or mere hypothesis. He may have 
chosen an unfortunate designation, he may have but imperfectly 
undei'stood the extent and importance of his discovery, and he 
may have incorrectly described its range and scope, but none of 
these faults, nor all of them, should deprive him of the credit of 
having made the discovery. He did more, he defended it to the 
last day of his life, and averred that ** the Taconic system stands 
out as boldly as the Carboniferous."^ The argument against 
the Taconic system, which appeals to imperfect or incorrect 
definition by its author, will apply with equal force against the 
Silurian system and also against the Cambrian; also against the 
Huronian and Laurentian, and perhaps with still greater force 
against the Hudson Eiver, since none of these were correctly 
and properly defined at first by their authors. 

If the equities of geological nomenclature, in the light of the 
result<i of later researches, demand of geologists of this genera- 
tion a fair consideration of the claims of Dr. Emmons, that con- 
sidei'ation must be granted. No amount of error, though heaped 
to the sky and supported by the highest authority, can long sub- 
sist. The truth, though tardy in asserting itself, will finally 
throw off the burdens under which it has labored, and will shine 
the brighter for the darkness which preceded it. 

If we examine the descriptions, given by Dr. Emmons, of his 
Taconic system, we shall find that he makes the following broad 
^tratigraphic distinctions: 

I. His highest member is what he designates black slate, which 
lie declares, in some cases, plunges apparently beneath the *' an- 
cient gneisses" and contains a considerable amount of carbon- 
aceous matter. In this slate, at Bald mountain, were found two 
genera of primordial trilobites that were described by Dr. Em- 
mons, the much buffeted Atops trUineatus^ and Elliptocephala am- 
phoides. 



i Letter to Jules Marcou, dated Raleigh, N. C, Nov. 6, 1860. 
« According to Mr. Ford this is Qmoehoryphe. 
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U. Under the black slate his next grand distinction was the 
so-called Tiwonic slatey which he described as argillaceous, siU- 
ceousand "talcose,'' theupi)er part being suitable for roofing 
and other portions adapted for flagging. It is greenish, grayish 
and sometimes of a chocolate color. Its grain is very fine, but 
in some places it is arenaceous rather than argillaceous. Thick- 
ness about 2,000 feet. 

III. Below this great mass of soft schists, he described, in 
the first place, a mass of 500 feet of limestone, designated *' Stock- 
bridge limestone," which graduates downward into **talco8e'' 
or magnesian sandstones and slates, the whole having a thick- 
ness of about 1,700 feet. 

IV. Under this limestone is Ms "granular quartz-rock,'^ 
more or less interstratified with slates, and becoming, in some 
places, an immense conglomerate with a **chloritic paste.'' In 
this conglomerate are fragments of the underlying gneiss, or 

V. A formation which constituted, in his scheme, the "an- 
cient gneiss" on which the Taconic system was said to lie un- 
conformably. 

Now it requires but a glance to perceive how closely this or- 
der coincides with that which has been independently and labori- 
ously worked out in the Northwest. We have in both instances- 
a *^ black slate " which in one case is said to be at the top of the 
system, but to pass apparently beneath the "ancient gneisses,'^ 
and in the other is reported to be overlain by a group of mica 
schist and the "youngest Huronian," a mass of gneiss and gab- 
bro. Below the black slate in both cases is an immense series of 
soft, hydro-mica and magnesian schists. These again are fol- 
lowed by limestone which in the Northwest often forms marble^ 
and in New England sustains extensive marble quarries. This 
has various transitions to slate and to a hard sandrock, but in 
both places it becomes known, in its lower x>ortions, as a great 
bed of quartzyte ; and finally at the base is coarsely conglomer- 
itic with masses of rock from the great underlying series of 
gneiss. Were there no other precedent this very parallelism 
would be taken at once as demonstrative, or at least indicative, 
of equivalence of age. The "Stockbridge limestone," however, 
at Stockbridge, seems to be of the Trenton age, according to 
Professor Dana; and where it appears in the Taconic mountains, 
further south and west, it is assumed by him to be of the same 
formation. But no one can afiftrm safely that the Taconic range 
of mountains is made up of the Trenton and Hudson Biver for- 
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mations till the cmcial test has been applied to them success- 
fully in the discovery of the characteristic fossils, and assuredly 
not, in the absences of this test, in the foce of the foregoing par- 
allelism with a limestone known to lie much lower ; and in the 
face of the discovery of primordial fossils in Bald mountain 
some miles further north in Washington county, Kew York. It 
is to be remembered also that the schists of Mt. Washington are 
distinctly different from thof^e of southern Vermont containing: 
the Trenton fossils found by Mr. Wing, "a change'' taking 
place in them not far south from the point at which the fossils 
were found, continuing thence to the southern extremity of Mt. 
Washington. ^ 

Now, however, we are confronted with another difficulty. The 
geologists of Michigan and Wisconsin have set aside Dr. Em- 
mons' identification of the Menominee rocks with the Taconio 
in 1846, and have called them Huronian, the same that has been 
done in North Carolina by Mr. Kerr, parallelizing them with 
the Canadian system, which in 1855 was so named by Dr. T. 
Sterry Hunt.® 

It becomes necessary, therefore, to ascertain of what the Hu- 
ronian consists. Dr. Hunt sets out with the statement that it 
was designed to include the younger and unconformable series of 
metamorphic rocks found on the shore of lake Huron and in the 
valley of the Thessalon river, **and also the so-called volcanic 
formations of lake Superior." Thus the avowed intent was the 
same as that of Dr. Emmons in erecting the Taconic system. If 
we seek for the actual stratigraphic and mineralogical charac- 
ters of these rocks, we shall find them in the geological reports 
of the Canadian survey, particularly that of 1863. 

In descending order the original Huronian consists of the fol- 
lowing strata, disregarding the diorytes and other ** greenstones,'^ 
all of which are thought by Logan to be of igneous origin, though 
included in the thicknesses given. 

Whiteqnartzyte , „ 400 feet. 

Limestone 200 ** 

White qnartzjte 1600 ** 

Limestoue, siliceons and cber^...... 400 *' 

White qnartxyte 2970 " 

Red jasper Cvtnglomerate 2150 ** 

Red qnartzyte or conglomerate 2300 '' 

7 Daoa, Amer. Jour. Set, (8) zvii, 376. 

8 EqaisM geologique da Canadft ; Axolc rockt, Rep. E, p. 72. 
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Slate conglomerate 3000 ** 

Limestone , 300 '* 

Slate conglomerate 1280 " 

White qua-tzyte 1000 ** 

Chloritic and epilotic slates , 2000 " 

Gray quartzyte 500 ** 

Total 18000 ** 

Of this series of 18,000 feet, 900 feet consist of limestone; 2,000 
feet consist of '* chloritic and epidotic slates," and 15,100 feet con- 
sist of quartzjrte and cx)nglomerate. Perhaps 5,000 feet of this 
last thickness may be considered intrusive, consisting of dioryte 
and other forms of ** greenstone." This will leave 10,000 feet, at 
least, for the aggregate thickness of quartzyte and conglomerate, 
being nearly double that observed in the same horizon in northern 
Minnesota. 

It is plain to see that if there be any parallelism between these 
beds and the various groups made out in the Northwest, the whole 
of these strata must be made the equivalent of group v, or the 
qunrtzyte and marble group. The 2,000 feet of chloritic and epi- 
dotic slates, represented as near the base of the original Huro- 
nian, followed as they are by an immense thickness of conglomerate 
and slate conglomerate, are anomalous unless there be below 
them other slate conglomerates. This, indeed, is very probable, 
since, on the shore of lake Superior, near the mouth of the river 
Dor^, according to the same authority, the lowest part of the 
Huronian is seen to consist of a green slaty conglomerate, con- 
taining ** boulders" of granite and gneiss. 

The extension of the term Huronian from the horizon of the 
original Huronian, upward through the overlying groups, maybe 
justified by the expression of the original intent in the applica- 
tion of the term, but it certainly does not seem warranted by any 
description of rocks by the Canadian geologists, nor by any 
claim that usually has been put forth by the authors of the 
name. 

There is, therefore, a conflict between the Taconic and the 
Huronian, both in respect to the horizon which they are in- 
tended to cover (both being referred by their authors to the 
Lower Cambrian) and in the horizon of rocks which they actually 
compass. The Huronian, however, in its original and typical 
description, can be parallelized with only the very lowest of the 
strata that were included in the typical and original Taconic; 
while the Taconic stretches upward at least as far as to include 
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the fourth and third grand groups made out in the Northwest, 
that is to say, the hydro-mica and magnesian schistSj and the car- 
bonaceous and arenacemi^ blnck slates. 

This leaves two series of rocks untouched by the scope of 
-either the Huronian or the Taconic, as these systems were at first 
-defined, namely: the mica schist group and the granite and gneiss 
with gahhro group. In the term MontaJban proposed for these 
^groups by Dr. Hunt, the two are united and the constant dis- 
tinctness which they seem to maintain is not recognized. The 
granite andgabbro group has affinities with the overlying Cuprif- 
erous rocks^ and perhaps, as Irving has suggested, should be 
-considered the base of that series which Brooks has named *' Ke- 
weuawian," whereas the mica schist group has affinities with 
the underlying groups, and has, without exception, been assigned 
to the same system and age as those underlying groups. The granite 
andgabbro group has likewise been designated differently. ' The 
^bbro, being an igneous rock, varies much in its prevalence and in 
its apparent relation to the granite. Its greatest development pro- 
-duces in Minnesota a range of low hills which extend northeast- 
ward from Duluth. Under similar circumstances, this group 
lias received the name Norian^ though at first called Labradorian^ 
and thought to be a part of. the Laurentian.* The granite and 
gneiss, also, associated with the gabbro, have received, under one 
of their modified conditions, the special designation Arvonian, 
ou the supposition that these rocks where they so appear, are not 
modified conditions of granite and gneiss, but represent inde- 
pendent strata that lie near the bottom of the ** Huronian,'' 
equal in rank to any of the other groups. I think I have shown 
elsewhere^** that the Arvonian rocks of lake Superior are inter- 
stratified with the Cupriferous, and also that they are modified 
sediments of the Cupriferous. Instead of being near the bottom 
of the *' Huronian" in the Northwest, they overlie all the other 
groups that have been assigned to the Huronian by Irving, 
and constitute a part of the great series of '* younger gneisses" 
-which by Brooks has been ranked as the "youngest Huronian." 

The interesting variety of nomenclature, as brought out by the 
foregoing remarks, can be seen by a glance at the accompanying 
tabular arrangement, where the various parallelisms and the con- 
flicting nomenclature are placed in adjoining columns. 

It is evident from this table that at present it is a hazardous, 



y It was described by Emmons under the term *' Uypersthene rock." 

io A. A. A. S. Cincinnati meeting; Minnesota Survey Rep. for 1830, p. 86; ibid, 1881, p. 110. 

18 
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and perhaps an impossible, nndertaking to assign the groups of 
the crystalline rocks of the Northwest to any of the terranes that 
have been named further east, without violating somebody's sys- 
tem of nomenclature. Some of the ground has been covered 
several times by different names, but on different hypotheses of 
structure, origin and parallelism. Eespecting the horizon known 
as ^^Laurentian," there is an approach to unanimity and agree- 
ment. This, however, consists more in a tacit consent to style 
the lowest known rocks Laurentian, than in any agreement 
among geologists as to the nature and composition of the strata. 
The Taconic of Emmons, which has been buffeted and combated 
from the day of its birth, has from that very circumstance been 
generally ignored by geologists, because of a certain air of du- 
bious authenticity which accompanies the word. The term 
Huronian has been allowed to stand and to flourish, partly because 
of the high authority on which it rests and the remoteness and 
inaccessibility of the typical locality, and partly, at first, because 
of the non-publication of Dr. Emmons' protestation that it was- 
the equivalent of some part of his Taconic, and later, because^ 
after Emmons' death, as Well as before, his opponents were ac- 
tive in spreading views adverse to the Taconic system through- 
out the literature of American geology. The original Huronian 
has grown from the dimensions of a single group (the quartzjte 
and marble group), so as to include all the crystalline rocks, 
lying above that group, spreading from the Laurentian to the 
unchanged sediments of the Upper Cambrian. This has become 
so obviously wrong, in some cases, and has included groups of 
rocks so plainly extra-Huronian, that a double and triple nomen- 
clature has been applied to a part of these upper rocks, for the 
purpose of relieving the term of the heterogeneous burden 
which it was otherwise compelled to carry. These new names^ 
with the exception of Montalban, seem to be of value only as 
regional designations, the strata which they represent being 
igneous or metamorphic, and hence liable to be wanting in some 
places and to be non-crystalline in others. They ftirther compli- 
cate the stratigraphic nomenclature, since the strata are prob- 
ably only the locally modified parts of the same system. Their 
geographic distribution in the Northwest not only indicates 
their stratigraphic horizon, but also their limited and local ex- 
istence. 

In conclusion, the chief points brought out in this discussioa 
may be stated more concisely: 
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1. The erystalline rocks of the Northwest are comprised under 
six well-marked comprehensive groni>s. 

2. The Taconic of Emmons, so named in 1842, and more cor- 
rectly defined in 1846, included three of these groups. 

3. The Huronian of Canada is the equivalent of the lowest of 
the Taconic groui)s, and the perfect parallel of only the lowest of 
the groups in the Northwest that have been designated Huronian* 

4. The uppermost of the groups in the Northwest is local iox 
its existence and exceptional in its character, and has received,, 
therefore, a variety of names. 

5. There are, therefore, confusion and conflict of authority ia 
the application of names to the crystalline rocks of the North- 
west. 
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XVII. 



GEOLOGICAL NOTES IN BLUE EARTH COUNTY. 



BY PROF. A. F. BECHDOLT. 

Lvterglacial peat, — Some time ago Mr. Z. Harrington, of Man- 
kato, showed me a section, a foot long, four inches wide and three 
inches thick, composed of organic matter, mainly compacted 
leaves, sedges, etc., and resembling a poor lignite or compressed 
peat. When first seen it was yet moist, and could be cut like 
hard soap. The layers, of which it is composed, were also 
somewhat elastic. On drying it became harder, more brittle, 
and cut like wood. On Saturday, October I8th, I visited the 
place, in company with Dr. Harrington, where it is found. This 
is in 3Iankato township on the land of Messrs. Pleasanton and 
Powell, in the bluflf of a ravine bearing a stream that flows into 
the Le Sueur river from the north. This organic deposit is seen 
in both banks of the ravine, and can easily be traced horizontally 
about three hundred feet, and then is lost. It has a pretty uni- 
form thickness of about two feet, is overlaid by about six feet of 
dark drab clay containing some pebbles of quartz, limestone and 
shale, and disseminated rolled fragments of lignite. This clay 
eflfervesces briskly in hydrochloric acid. A similar clay lies un- 
der this organic mass, considerably thicker than the upper clay. 
A short distance further down, into the deeper pai'ts of the ra- 
vine, brings to the surface glacial boulders. This seems to me, 
therefore, to be a mass of organic matter collected in a low place 
in the glacial clay surface some time during the glacial period, 
probably toward the close. A fragment is sent with this as a 
specimen. The rootlets of living plants traceable in this speci- 
men disappear further in the bank when the surface is cut away 
a few feet. 

[Note. — TMs interesting observation of Prof. Bechdolt shows 
the wide extent of the peat deposit, which accumulated between 
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two epochs of glacial cold, in southern Minnesota. In eastern 
Freeborn and in Mower counties it has been found extended over 
an area of several townships, lying outside of the morainic belt 
that crosses this part of the state north and south, and yet sep- 
arating two distinct glacial clay deposits.* In Blue Earth county 
it is here found on the opposite side of the same morainic belt, 
and within the area of the glacial activity of the last cold period. 
If the deposits at these two points were contemporaneous, it is 
necessary to find some explanation of the extension of till east- 
ward, so as to cover it several miles beyond the supposed farthest 
limit of the moving ice, in Freeborn and Mower counties, and of 
the preservation of it from disruption by the ice in Blue Earth 
county while it prevailed over a great area, and extended into 
Iowa, as well as of its final burial beneath the six feet of pebbly clay 
which lies over it. If the deposits at those two points were not 
contemporaneous, but one succeeded the other by an interval of 
time amounting perhaps to several thousands of years, allowing 
the shrinkage of the ice mantle from its outer limit to one of the 
later stages of its retreat, it will only be necessary to find an ex- 
planation for one fact, namely: the extension of till outwardly 
for several miles beyond the so-called ** terminal moraine." Bat 
it will be necessaiy also to suppose the long continuance of the 
same peat-forming conditions about the southern ice-margin. 

If, on the other hand, the till which overlies the peat in Mower 
county be not the horizontal extension, and equivalent of that 
wrhich overlies it in Blue Earth county, and there were no lateral 
extension of the till beyond the ice-margin as above presumed, 
then the two tills in Mower county, separated by this bed of peat, 
show the existence of two glacial epochs in Minnesota prior to 
that which has been described as the Just glacial epoch, and the 
clay which covers the peat in Blue Earth county may be a peb- 
bly clay of a semi -lacustrine origin — one of the incidents of the 
ice-retreat through the Undine region, f 

A specimen of this ancient peat from Blue Earth county was 
sent to Mr. B. W. Thomas, of Chicago, for microscopic examina. 
tfon. He reports: "I send you slides of diatoms, sponge spicalse, 
Radiolarius, etc., from the interglacial peat you so kindly sent 
me. So for as I have yet noted, all of the forms are fresh-water, 
about the same as those now found in your fresh-water pouds, 
tstreams, swamps, etc." — n. h. w.] 



• Final report, toI. I, pp. 863 and 890. 
t Final report, toL I, p. 442. 
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Clays, — On Friday afternoon, October 17th, Mr. S. F. Alberger 
took me to see the place where he has obtained the pottery clay, 
containing the Cretaceous leaves. This point is about half way 
between Chalk run and the farm house on the Le Sueur river 
bank, and as to thickness, etc., of deposit, and over and under- 
lying matter, are well described on pages 435 and 436, volume 
one, of the final report of the geological survey of Minnesota. 
In the cut whence come the fossil leaves, appears on one side a 
large boss of rock, whether connected with other rock or not 
within the bank, could not be determined. The part exposed 
was about four feet each way, is very much water-worn, seems 
on the surface formed of a white clay very firm and hard. 
Throughout this clay are scattered, very thickly, little rounded 
masses of the size of peas, quite distinct in form from the clay, 
but seeming to possess the same composition. Within, the rock 
is more siliceous; grains of free sand cover a freshly broken sur- 
fiace. Along the side of the rock mass are markedly seen the 
lines of stratification, exactly as seen on the water-worn or 
weathered surface of the Shakopee at the cement works and else- 
where. (See figure 11.) 



A little further along the bluflf toward Chalk run is an expos- 
ure of the Cretaceous clay, made during last winter. Here the 
clay rests on a floor of rock, whose edge is not exposed. This 
rock has the **fawn" color, hardness and general external prop- 
erties of some of the softer layers of the Shakopee. It is worthy 
of note that the white clay on the Jordan sandstone is from twenty 
to thirty feet below this; and incidentally that from fragments of 
stone found in this white clay on the southeast corner of Chalk 
run bluff, where it is just now being uncovered for use this win- 
ter, the white clay seems to lie on eroded surfiskces of the Jordan. 
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[Note. — The following observations were made at the pottery 
works of Mr. Alberger, in October, based on a quantity of ma- 
terial for use derived from his clay-pit a short distance above the 
bluff at the railroad crossing, the same point as above illustraterl 
by Prof. Bechdolt. The clay here used contains numerous leaves, 
and through the kindness of Mr. Alberger a collection has beea 
made and submitted to Dr. Leo Lesquereux, of Columbus, O., 
for determination. The relative position of the white clay and 
the other parts of the bluflf is here determined by the statements, 
of Mr. Alberger. 

In the white (kaolinic) clay lying directly on the sandrock 
are small concretions of silica, about as large as pin-heads. They 
have a dull or dirty amethystine color, and are generally in defi- 
nite horizons, or very thin sheets running coincident with a kind 
of structural fibre in the clay itself, though in general the clay is 
homogeneous and massive. 

The white clay is sometimes concretionary — at least lumps of 
a coarsely concretionary, kaolinic, clay, resembling that seen 
under the Cretaceous at two miles below the Lower Sioux 
Agency* — are found in the bed which Mr. Alberger uses for tiling 
and fire brick. They probably appertain to the conglomerate, which 
is closely associated with the potter's clay at that place. When he 
screens the conglomerate, in order to get siliceous material for 
his fire-brick, these concretionary lumps are brought to light. 
Some pieces are small, like a hickory-nut, and some are as large 
as a peck measure. They are derived apparently, en masse, di- 
rectly from the bed of decayed material lying on the crystalline 
rock surface at the time of the Cretaceous submergence. The 
most of the white kaolinic clay, as it lies in, under and on the 
Shakopee and Jordan formations, is supposed to be due to the 
reassortiug and distributing agency of that ocean on that pre- 
existing mass of soft material; said mass being the result of 
weathering and decay of the crystallines through Silurian and 
Carboniferous times. In the same conglomerate are silicified 
corals and brachiopods of Silurian and even Devonian age, found 
as water-rounded pebbles. Mr. Alberger's tests seem to show- 
that this conglomerate consists of purer silica, though containing 
some chert, etc., than the sandrock lying under the Shakopee 
limestone. The underlying sandrock, he says, will fuse in the 
heat he produces, rather easily, but the crushed pebbles of this 
conglomerate he cannot fuse. 

* See the second annual report, p. 187. 
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The following foots and observations were derived from a late 
visit to the cement works of the Standard Cement company, at 
Mankato. 

1. They do not use the whole rock now, as they did at first, 
but only the lower ten feet (abont ten feet). 

2. They have had some poor cement, but this is now obviated 
by making some selection of the rock. 

3. Mr. Bod6, chemist at Milwaukee, has analyzed all the strata, 
and given careful attention to the differences of composition, the 
strata being numbered from near the top downward. Nos. 3, 6 
and 7 had nearly the same composition, but they are using all 
below Xo. 3. 

4. The upper portion is burned for quicklime, or is sold at 
twenty-five cents per load for common building rock, the pur- 
chaser hauling it away. 

5. The company have sold in advance all the cement they 
can make from this date to Jan. 1. 1885, and say they will con- 
tinue in oi)eration into the winter as late as possible, even if they 
**have to shed the quarry" — the product for the season being 
from 25 to 30 thousand barrels, at $1.50 per barrel. 

6. The irony crust on the Shakopee is not so much due to the 
sai)erpo6ition of something new, by accretion, on the surfece, as 
to a change in the Shakopee itself to the depth of about half an 
inch. The crystalline facets of the dolomitic rock can be seen 
plainly preserved within the irony crust at some distance from 
the line of transition from the rock to the crust. There is also 
a somewhat different color and texture in the lower part of the 
crust. 

7. If the clay lying under the limerock is of the same age as 
the limerock (Cambrian), as supposed by Prof. Bechdolt, and as 
indicated by the appearances at the quarry, and by the intercala- 
tion of their clay beds within the beds of the limerock at higher 
levels, that seem to be of the same age as that below — I can only 
explain it on the hypothesis that the Shakopee lies unconform- 
ably, near here, on the crystallines, and that at the time of its 
deposition, a submergence like that which preceded the Creta- 
ceous kaolinic clays, took place, thus bringing the older decayed 
material within the strata of the Cambrian. If that be the case 
the Shakopee will be found somewhere near Mankato lying on 
the crystalline rocks (though here it lies on the Jordan), and the 
white underlying clay will there be still thicker, though at remoter 
points the same clay is known to disappear wholly from this ho- 

19 
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rizon. By a later (Cretaceous) submergence the same process 
took place again and gave Cretaceous kaolinic deposits, the result 
of wash from both crystalline and Cambrian areas. This whole 
hyx>othesis, however, as yet seems to me unnecessary, since I 
think all the clay within and under the Shakopee may be attrib- 
uted to the insinuatiDg action of the water of the Cretaceous 
ocean on the pre-existing weather-cracks and openings of the 
Shakopee, carrying the fine clay to the deepest recesses, wherever 
the water could enter — and especially because we know of no 
such overlapping of the later Cambrian unconformably on the 
crystallines. — n. h. w.] 
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XVIIL 



FOSSIL ELEPHANT IN WINONA COUNTY. 



BY PEOF. JOHN HOLZINGEB. 



State Nobical School, 

Winona, Feb. 11, 1885. 

Frof. N. IT. WincJieU, Minneapolis, Minn., 

Deab SIB: If my memory serves me correctly, yoa inquired 
qaite a while ago about some remains of a mastodon supposed to 
have been found in Winona county, and now deposited in our 
Normal School museum. I wrote to you then that we have only 
the remains of a mastodon found near Dubuque, Iowa. And 
this was in fetct all that I knew at the time. Becently when I 
removed the precious remains of said animal I discovered the 
incongruity of the crown of a tooth, and a fragment of a tusk 
with the rest of the skeleton. Since then Prof. Morey, former 
principal of our school, has gone through the Museum with me, 
and when I indicated to him the want of agreement in the struc- 
ture of the several x>art6, he informed me that the tooth and frag- 
ment of tusk did not belong to Prof. Woodman's collection* at 
all. These pieces, he said, were added during his administration; 
and he knew positively that they were found by the workmen on 
the Chicago & Northwestern railway, near Stockton, and that in 
the same locality was found a large antler of an elk, about three 
feet long. But the striking point of it all is that tooth and tusk 
seem to be not parts of a mastodon; but, to judge from the grind- 
ing surface, and size of the tooth, they belonged rather to a spe- 
cies of Elephas. The question is, was it the common Elephas 
primigenins. 

Hoping that it is not too late for you to make use of this note, 
I remain, cordially yours, John M. Holzingee. 

* The Dabuqae specimen had been purchased of Prof. H. T. Woodman. 
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[Note — On making farther inqairies concerning the exact loca- 
tion of the finding of these remains, Prof. Holzinger ascertained, 
from Dr. Cole, of Winona, that he had brought a piece of a tusk 
from Stockton, taken from a clay-bank within forty rods of the 
railroad crossing of the highway, and deposited it in the Normal 
School museum, some twenty years ago. Also, that Hon. Thomas 
Simpson sent the greater part of the piece of tusk to the museum 
of the State Historical Society. Mr. Simx)son also stated that 
the tooth now in the possession of the Normal School was found 
in the same place as the tusk, only a little later, during the cat 
through the day-bank. This clay-bank is the loess-loam of the 
region, lying in the valley where Stockton is situated, between 
high rock-bluflb composed of the St. Croix and St. Lawrence 
formations.'*^ 

By the kindness of Prof. Holzinger this tooth was submitted 
for examination and description, and the following notes were 
made. It is illustrated by the figure on plate II. 

It is not an entire tooth, but apparently less than one-half of 
the original. It is five inches long, fore and aft, on the crown, 
and three and a half inches in width. Entire plates are wanting 
from both ends, so that the piece, as shown in the figure, repre- 
sents the central triturating sur&ce of the crown, well worn. It 
is five and three-fourths inches deep perpendicularly, with signs 
of having lost an inch or more. The flat crown diows eight 
enamel plates (one at each end), the average distance between 
their centres being three-fourths of an inch. The thickness of 
these plates, though double, averages less than one-quarter of an 
inch; and hence the intervening cementum averages a little more 
than one-half inch in thickness. These plates are, therefore, 
"attenuated and concentrated,'' as Falconer remarks of Ameri- 
can representatives of the Elephas primigenius. The plate rep- 
resents the natural size of the crown of the tooth. 

The dentine (in the centre of the plates) is so thin in some 
places as to be hardly visible. The enamel plates are direct and 
uncrimped, hardly undulating as they pass from one side of the 
tooth to the other. This might be ElepJuis primigenius, Bin., as 
that sx>ecies was at first understood to range in America. 

In 1838, Dr. C. Briggs, a member of the corps of the first geo- 
logical survey of Ohio, first described Elephas Jacksoni, from 
Jackson county, Ohio, as distinct from E. primigenius, Bin. t and 

♦ See the final report, vol. i, p. 238. 

t Mather's first annual report, 1838. This name was first applied by Briggs in the AmerictD 
Journal of Science, vol. xxxiv, 1838. 
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Mr. Billings was disposed to have this name cover all si>ecimens, 
except E. Golnmbi, ''found in America as £Eur north as the United 
States and Canada," (Canada then was Upper and Lower Canada, 
and not the Dominion, as now,) including that described by him- 
self from Burlington Heights, near Hamilton, at the western ex- 
tremity of lake Ontario, found in 1852. 

De Kay, however, according toLeidyin ''Extinct mammalian 
&una" (vol. vi, of the second series of the Philadelphia Acad- 
emy of Natural Sciences, Journal), named the American speci- 
mens E. americanus, a name which Leidy revives and continues, 
both in the above publication and in the volume of Hayden's 
survey (vol. i), entitled "Contributions on the extinct vertibrate 
&una of the western territories," p. 238. Billings, however, at- 
tributes the origination of the specific name americanus Leidy, 
at the date of 1853. (See Can. Nat., vol. viii, p. 146.) 

Dr. Falconer established E. columbi in 1857, concluding it 
ranges about the gulf of Mexico and southward. (Natural His- 
tory Review, Jan., 1863.) He seems to include in it E. jacksoni, 
of Briggs, and its representatives from other places. 

E. imi)erator, Leidy (1858), was at first thought to be new, be- 
cause associated, as supposed, with a peculiar geological fauna of 
a different (earlier) age, but Leidy now rather includes it (with 
columbi) in americanus, and thinks its relations to the other 
fossils with which it was reported to be associated are not estab- 
lished satis£Eu;torily. 

E. texanus (Blake or Owen, 1858) is satisfactorily proved by 
Falconer to be a synonym of E. columbi. (Nat. History Eeview, 
Jan., 1863.) 

Billings in the Canadian Naturalist, vol. viii, p. 146, regards 
columbi and jacksoni as distinct from each other, and from 
primigenius. 

This Stockton specimen is quite distinct from the Montana 
specimens described in the tenth annual report, in the thinness 
of the plates, and the large amount of cementum between them; 
and if either be different from the primigenius, of Blamenbach, 
it is that'from Stockton, and might be distinguished by Leidy's 
name americanus. According to Falconer, however, probably 
the best of English authorities, these would all be classed as 
primigenius. — N. H. w.] 
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XIX. 



BOULDER-CLAYS. 



ON THE MICBOSCOPIO STBUOTUBE OF OEBTAIN BOULDER-CLAYS 
AND THE OEGANISMS CONTAINED IN THEM. BY DB. GEORGE 
M. DAWSON, D. S., F. G. S., F. B. S., CAN., ASSOCIATE B. S. M., 
AND ASSISTANT DIBECTOB OF THE GEOLOGICAL SURVEY OF 
CANADA. * 

In a paper read before the Academy in January, 1884, and 
printed in the bulletin of the Academy (vol. i, No. 4), H. A. 
Johnson, M. D., and B. W. Thomas, P. E. M. S., gave the re- 
sults of an investigation by them of microscopic organisms in 
the boulder clay of Chicago and vicinity. This paper refers 
principally to certain remarkable bodies first found by these 
gentlemen in 1865-6-7 in specimens of the clay through which 
the lake tunnel which supplies the city of Chicago with water 
from lake Michigan was being constructed. On the completion 
of the tunnel large numbers of the same bodies were observed 
in the filtrate from the city water supply, and which were sub- 
sequently proved to be identical with organisms described in 
1871 by Sir J. W. Dawson from the Devonian shales of Kettle 
Point, lake Huron. They have since been observed in the 
Devonian rocks of a number of widely separated localities, and 
are now believed by Sir J. W. Dawson to be the spores of 
rhizocarps.t Mr. Thomas, in a note to the paper first quoted, 
refers to the additional discovery in boulder-clay from Minne- 
sota, sent to him by Prof. K. H. Winchell, of several species of 
Poraminifera, evidently derived from the Cretaceous rocks of 
that region. Since this announcement Mr. Thomas has mounted 
for the microscope and examined many samples of boulder-clays 
from various places, and has favored me from time to time with 

* Read before the Chicago Academy of Sciences June 9, 1885. 

t Proc. A. A. A. S., 1883, and Can. " Record of Science," vol. L See also paper by Mr. J. M- 
Clarke, Amencan Journal of Science, toI. xxix, p. 284. 
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a number of his preparations. He has also kindly prepared and 
mounted specimens of several bonlder-clays and allied materials 
collected in Manitoba and the Saskatchewan region. At his re- 
quest the notes made by me on these last and on a few of those 
first mentioned are here offered. This paper must, however, be 
understood to be merely of a preliminary and general character, 
being based on the examination of less than one hundred micro- 
scopic preparations. It may, it is hoped, be supplemented later 
by a more detailed report, including the discussion of a larger 
suite of sx>ecimens from a greater number of localities. 

The minute investigation of these boulder-clays has resulted 
in the discovery of many objects which,^ while evidently of or- 
ganic origin, are very difficult to name or classify, and require 
comparison with a wide range of bodies and reference to many 
works for that purpose. Mr. Thomas has also found that even 
in the case of those clays with which he is most familiar each 
new lot of preparations mounted is almost sure to show forms 
not before observed, and that the field is an ever- widening one. 

It is now, therefore, proposed merely to denote the classes of 
objects so far observed in the various boulder-clays, and when 
I)08sible the genera to which the organisms belong, without at- 
tempting to catalogue them specifically. Neither is it here in- 
tended to enter into any further discussion as to the nature 
of the Sporangites occurring in some of the clays. 

It should also be stated that most of the objects on the many 
slix>s examined have been indicated by maltwood markings by 
Mr. Thomas, a circumstance greatly reducing the amount of 
labor involved in going over the material. 

[It should be explained that the material referred to in the 
succeeding notes is that part of the boulder-day which is com- 
X>osed of particles of medium size, from which the very fine mat- 
ter has, as a rule, been separated by decantation. This again 
has been sized by repeated decantations at intervals of one, two, 
or three minutes. Mr. Thomas states that the greater number 
of examples of a given form are frequently thus obtained in 
material of a certain grade of fineness.] 

Boulder-days of Chicago and vicinity. 

The preparations examined representing the boulder-clay of 
Chicago and vicinity are as follows: From Chicago lake tunnel, 
86 feet down, 5 slides; North Chicago boulder-clay, 60 feet down, 
11; North Chicago clay, 64 feet down, 2; North Chicago, 66 feet 
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down, 10; corner of Washington and Clark streets, 8 feet down, 
1; or 29 in all. These are so similar in their general characters 
and the class of objects which they present that they may be 
considered together. 

The inorganic material in these clays, as represented by the 
above preparations, consists largely of quartz sand, in which 
few well-rounded grains appear, most being sub-angular and 
many quite angular and unworn. With these is about the usual 
proportion of bottle-green particles of hornblende, with a few of 
mica and feldspar. Nearly one-half of the entire material is, 
however, composed of flattened and rounded grains of flne shale, 
which have a dark brown color and granular texture by trans- 
mitted light. One or two of the quartz grains show included 
crystals and many hold fluid or gas cavities. The bodies of or- 
ganic origlD most commonly met with are referable to Sporan- 
gites huronensiSj of Sir J. W. Dawson, of the Devonian shales. 
These are extremely abundant, and the shale particles already 
described are doubtless derived from the disint^ration of the 
same beds. They are in some instances very well preserved, 
but are also present in all stages of decay, and in many cases 
hold a quantity of granular, shaly, or clayey matter in their 
interiors. Besides these a specimen occurs in the material from 
the lake tunnel of entirely different character. It is a partly 
flattened sphere of 0.2 m. m. in diameter, with radiating and 
concentric structure, brownish color, and very small central 
cavity, or nucleus. This is precisely similar to the bodies from 
the Devonian rocks described and figured as Macrospores by 
Mr. Clarke in his paper above referred to. Two more bodies of 
the same class appear in other preparations, but are more nearly 
transparent, and evidently in a different state of preservation. 
To one of them a small fragment of the matrix attaches and 
serves to show that both of these may have come from a lime- 
stone bed. 

Next in abundance to the Sporangites is a class of bodies the 
true nature of which is very doubtful. Of these at least twelve 
large fragments were noted in the preparations under discui»- 
sion, with many smaller and less characteristic pieces. They 
may be described as spines or spicules, generally cylindrical, 
but sometimes trough-shaped or triangular in cross-section, aver- 
aging about .05 m. m. in diameter, and of pale yellowish brown 
color. Their structure is very finely granular, and the outer 
surface more or less roughened, as though from erosion. They 
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are in some cases distinctly tubular, with a small central cavity; 
in others have a thick medullar portion, which is poorly defined 
but differs somewhat in texture from the exterior. Some of the 
fragments terminate in acute points, others have a slightly swol- 
len, rounded end, and one was observed to be doubly terminated 
and nearly spindle shaped. They appear to be calcareous, but 
whether this is their original condition or the result of mineral- 
ization is uncertain. They can scarcely be chitinous, being 
much paler in color th^ other specimens of this character met 
with in some of the preparations. So many organisms may have 
produced spines or spicules resembling these bodies that it is 
not yet possible to assign them definitely. They do not appear 
to be sponge spicules, but as their color and texture is not un- 
like that of the next class of objects, they may possibly be partly 
mineralized chitinous setae of Annelids, derived from some of 
the subjacent rocks. Their diversity in shax>e is such that they 
must either represent several species or belong to different parts 
of some organism in connection with which several types of 
appendage of this character are developed. See Pig. 12. 

Among the most interesting bodies found in these clays are 
certain comblike objects which are regarded as annelid jaws. 
Of these four, all fragmentaiy, have been observed. They were 
at first supposed to be teeth from the lingual ribbon of some 
mollusk, but on more careful examination were found to be un- 
like the teeth of any mollusk of which figures can be found, and, 
moreover, to correspond almost exactly in form with some of the 
annelid jaws described by Mr. G. J. Hinde from the Silurian and 
Devonian rocks of Canada.* See Fig. 13. 

One of the specimens shows a series of long and curved prongs. 
Three others apparently belong to a single type, in which a 
nearly flat plate is armed along one edge by a series of small, 
close denticles arranged somewhat obliquely to the line of at- 
tachment. See Fig. 14. Like the bodies last described they are 
of a pale straw color, differing in this respect from Mr. Hinde's 
specimens, which are said to be shining and black; but this 
cUfference may arise from the mode of preservation. They ex- 
hibit no reaction with polarized light, and are smooth and not 
distinctly granular. The ends of the prongs or denticles are 
worn and roughened as though by use. 

Other bodies occurring in these preparations in smaller num- 
bers need not be referred to in detail. Two broken specimens 

• Quarterly Joarnal of the Geologloal Society, 1879, p. 870. 

29 
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evidently represent Ostracoda. They show no well marked 
sculpture, but a minutely granular structure. The most perfect 
is .31 m. m. in length. A third specimen, somewhat larger, and 
also broken, is either a small Sphaerium or a very young si)eci- 
men of some larger shell. All three have adhering to them 
brownish shaly particles, which appear to indicate their origin, 
though it must be remarked that the shell substance is very weH 
preserved and fresh looking. Still another specimen is a broken 
piece of the edge of a large calcareous sl^ell or carapace, beauti- 
fully marked, and possibly that of an ostracod of another species. 
The remaining objects observed are mere fragments, quite in- 
determinate in character. Among these are small pieces of a 
delicate ribbed shell, the ribs being square in cross-section. A 
rather large chitinous fragment, striated extremely, but without 
any other apparent structure, and one or more pieces of straight 
tubular siliceous spicules, probably belonging to some sponge. 

The probable sources of the organic bodies in these clays is 
discussed subsequently in connection with those from other 
places. 

Boulder-clays from Bloomington^ lU., 107 feet doum. 

[This clay immediately underlies an interglacial deposit of soil 
and peaty matter with remains of wood, etc.]* Of this clay five 
preparations only have been examined. The coarse material 
is here chiefly quartz sand, of which by far the larger propor- 
tion is sub-angular. There are also a few grains of amethystine 
quartz, showing sharp conchoidal fracture. Several quartz 
grains show inclusions, one of verysmall hexagonal red crys- 
tals, probably hematite. Hornblende grains are moderately 
abundant, but shaly fragments such as those which make np a 
large proportion of the material from the Chicago clays are 
almost or altogether wanting. A few Sporangites exactly like 
those previously noticed occur, together with one or two speci- 
mens of the pale brownish granular spines, or setee, found in the 
Chicago clays. A small, flat, curved, finely ribbed body in one 
of the slips resembles part of the edge of a carapace. While 
therefore not altogether wanting in this clay, organic traces ap- 
pear to be very scantily represented. 

• This stratum of soil is about 6 feet thick, aad anderlies 101 feet of boulder-day. I do not 
kuow the thickness of the clay deposit below the inter-glacial soil.— b. w. t. 
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Boulder-clays from Meeker county, Minnesota. 

This material is derived from a well shaft sank in Meeker 
county, at a depth of about twenty -two feet, and was transmitted 
to Mr. Thomas by Prof. N. H. Winchell, state geologist of 
Minnesota. Mr. Thomas has made a large series of preparations 
-from it, a number of which I have had the opportunity of in* 
specting. 

As the Foraminifera contained in these preparations are be- 
ing named and catalogued by Messrs. A. Woodward and B. W. 
Thomas, the remarks here given are confined entirely to the gen- 
eral character and contents of the clay, with the object of com- 
paring it with those from other localities. 

The coarser material from this clay, as it appears in the prep- 
arations, is chiefly quartz sand, which is generally sub angular, 
though with some well-rounded grains. Hornblende and mica 
appear in about the usual prox>ortions, and two quartz grains 
with very beautiful inclusions were noticed, one being probably 
either hornblende or rutile, the other x>ossibly apatite. A large 
projwrtion of the material, however, consists of rounded grains 
of shale, of gray or greenish-gray color by transmitted light, and 
not nearly so dark as the shale mixed with the Chicago clays. 
In si>ecimens boiled in nitric acid, the shaly fragments have be- 
come reddish from the oxidation of the iron. 

Of organic bodies present in these specimens of Minnesota clay^ 
the Foraminifera are most prominent and important. They are 
evidently derived from the Cretaceous strata, and resemble those 
found in the western development of these rocks, both specifically 
and in mode of preservation. 

Eatalidw and Textularidce are most abundant, though speci- 
mens of Globigerina and other genera also occur. Next in abund- 
ance to the Foraminifera are remains of Badiolaria. Some diffi- 
culty was experienced in deciding the true nature of fragments 
of these bodies at first met with, but the subsequent discovery of 
numerous and often well preserved specimens, and the observation 
by Mr. Thomas that they resist boiling in nitric acid, now leaves 
no doubt as to their character. Several genera and quite a num- 
ber of species are represented, and it will eventually be possible 
to determine many of these forms specifically. Most appear to 
belong to the Polysphseridse and Cystidse of Haeckel's classifica- 
tion. The constant occurrence of these bodies with the Cretaceous 
Foraminifera in the Minnesota preparations and in those from 
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other places, with their absence from these materials not equally 
characterized by the Foraminifera, leaves little room to doubt 
the common origin of both. Among miscellaneous objects A*om 
the Minnesota clay may be mentioned a few fragments apparently 
identical with the minutely granular spines or setse described as 
occurring in the Chicago clays; also two broken portions of stout 
siliceous spicules, about .026 m. m. in diameter, one smooth, the ' 
other tuberculated; both tubular, and probably belonging to 
some sponge. Lastly, a single specimen of a very curious body, 
of straggling and irregular form, composed of numerous expan- 
sions differing in shape and size and pretty uniformly pitted, but 
connected by narrow, smooth necks. As this is in one of the 
preparations which has been treated with acid, it must be sili- 
ceous. I can only suggest that it may be the siliceous cast of some 
foraminifer like AachemoneUa catenata of Norman, the arenaceous 
test of which has been composed of calcareous particles which 
have left pitted impressions on the cast. Against this is the fact 
of its small size, it being about .2 m. m. only in greatest dia- 
meter. 

Boulder-clay from Crete, Saline county , Nebraska. 

This material,Mr.Thomasinforms me, was obtained from asingle 
small excavation. It was forwarded to Mr. Thomas by Prof. G. D. 
Swezey, and is described by him in a letter to Mr. Thomas as a blue 
clay underlying the loess. The inorganic matter in the prepara- 
tions made from it consists largely of flue angular and subangular 
quartz grains, with a small proportion of green hornblende and 
much shale or earthy limestone in little particles which differ in 
color and texture. It is extremely rich in organic forms, chiefly 
Cretaceous Foraminifera, so much so that it seems probable that 
it is largely composed of the debris of the Niobrara division of 
that formation, and that a complete study of its contents would 
practically include that of all the forms occurring in the chalky 
limestone of that stage. The present notice of it must therefore 
be considered as of the most general and preliminary character 
only. Of this material a suite of thirty-one preparations has 
been examined, and in an enumeration of about one hundred of 
the best preserved forms nearly fifty per cent belong to the Tex- 
tvlaridce, the remainder being made up in nearly equal propor- 
tions of Globifferinidoe, Ratalidce, miscellaneous Foraminifera of 
other families, and radiolarians, resembling, and in some cases 
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identical with, the MinneBOta species. Fragments of calcareons 
prisms from the shell of Inoceramus and in the finer matter spe- 
cimens of coccoliths and rhabdoliths also occur; all resembling 
in every respect similar bodies found in the Niobrara rocks of 
Nebraaka and Manitoba.* 

Many of the Poraminifera are completely filled with caldte, 
while others are still partially hollow, and yet others are filled 
partly with calcite and partly with black carbonaceous or bitum- 
inous matter. Of objects of an unusual character two may be 
specially referred to. A rod-like body about .2 m. m. in length, 
narrowed near the middle, though broken at one end, and marked 
by numerous pits in linear series. This may be a small spine 
from some echinoderm. Also a hollow conical tooth or spine, 
evidently that of a fish, also broken, but still .25 m. m. in length. 

Boulder-day from a weU at Bosenfeld, Manitoba. 

This material, sent to me under the name of * *hard-pan, ' ' was ob- 
tained at a depth of 135 feet, in a well bored by the Canadian Pacific 
railroad company at Eosenfeld, Manitoba. It formed, mixed with 
gravel and boulders, a layer of eighteen feet in thickness, below 
the i>ost-glacial alluvial deposits of the Bed river valley and rest- 
ing on a Silurian shale. As the well was bored with an ordi- 
nary percussion drill, it is possible that some matter from the 
alluvial deposits above referred to may have been mixed with 
the si>ecimen of '^ hard-pan," but so far as examined these allu- 
vial deposits do not hold any organic forms. Numerous small 
particles of steel from the edge of the drill occur in the six 
preparations representing this clay. 

The inorganic constituents are coarse in texture, quartz grains, 
of which nearly one-half are perfectly rounded, as usual pre- 
dominating. Bottle-green hornblende is moderately abundant, 
as are also fragments of feldspar and limestone, but shaly mate- 
rials are almost altogether wanting. Bodies of organic origin are 
rather scarce, Poraminifera, however, being most common, and 
a Textularia of the type of T. globulosa is characteristic. A few 
BotalidsB are also present, with broken chambers of other Po- 
raminifera. The examination of a greater quantity of the mate- 
rial would doubtless lead to the discovery of all the ordinary Cre- 
taceous types. 



*Se« a paper bf the writer in the Canadian Naturalist, 1874. 
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Boutder-day from the South Saskatchewan river ten miles east of the 
mouth of the Swift Current. 

This and the two following localities in the Canadian north- 
west territory are represented by specimens collected by Mr. E. 
O. McGonnell. The three localities lie between the 106th and 
108th meridians, and represent a portion of the great drift-cov- 
ered area of the northern plains. The material from this place 
is, as nsnal, largely siliceous, bat there is a larger proportion than 
common of coarse, thoronghly-rounded quartz grains. Horn- 
blende and other^crystalline minerals from the Laurentian or 
Huronian are also present, and there is a notable quantity of 
amethystine * quartz in angular fragments. Comminuted very 
fine-ground gray shale is moderately abundant. Bodies of or- 
ganic origin are not frequent. In pretty carefully examining a 
series of six preparations, about ten only were met with. These 
are Textularice and rotaline Foraminifera, with one very small 
Globigerinaj and a couple of radiolarians; one very perfect, oval 
and .09 m. m. in longest diameter. (Haliomma f) A fragment 
was also found of bony substance, showing haversian canals and 
probably x>ortion of a ganoid scale. There is also in these prep- 
arations a number of rounded and flattened grains, nearly trans- 
parent, though in some cases with a more opaque central spot, 
and surface minutely and regularly roughened. These were 
eventually determined by comparison to be fragments of some 
pearly shell, probably that of Unio, a form quite abundantly 
represented in the Cretaceous and Laramie rocks of the region. 
The appearance of an opaque nucleus in some examples appears 
to result from the non-penetration of the mounting medium to 
the centre of the larger giains. 

Botdder-day from ten miles north of the South Saskatchewan^ east of 

Missouri Ooteau, township 21, range 10, west of Sd pHnci- 

pal meridian. 

The material in six preparations from this clay differs from the 
last described only in the much greater quantity of comminuted 
shaly matter of a reddish-brown tint. Bodies of organic origin 
are here again scarce. No Foraminifera were found. Two or 
three broken pieces of minute rod-like pitted objects, very doubt- 
fully referred to small spines of some Echinoderm, and evidently 
identical in character with that previously described from Saline 
county, Nebraska, were detected. Those occurring here are 
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about .015 in. m. in diameter. Another somewhat similar object 
is rather stouter and with a roughened surface without regular 
markings. A small broken piece of some chitinous test was also 
observed, but on the whole this material is very barren. 

Boulder-clay from the 8oiUh SasJcatchewany fifteen miles above the 

Elbow. 

In the preparations from this clay — eighteen in number — the 
sandy material is much finer than in the two last. It is nearly 
half composed of shaly fragments of brown color, the quartz 
sand being also rather more angular than usual. It is richer in 
organic forms than either of the other specimens from the neigh- 
borhood of the South Saskatchewan. About half a dozen speci- 
mens of Foraminifera were recognized in the preparations, one 
being probably a small Discorhinaj others Textularice^ and broken 
chambers of OlobigeriTue. These are not so well preserved as in 
some of the other clays, and in some cases the shell itself appears 
to have been removed, leaving only a rough cast in calcite. Ea- 
diolarians are here (so far as the examination of a small quantity 
of material can be accepted as conclusive) even more abundant 
than Foraminifera; spherical, oval and turbinate forms all being 
represented, and in some cases in such connection with fragments 
of the abundant shaly material as to leave no doubt as to their 
common origin with it. Small, partly -rounded prisms from the 
shell of Inoceramm are also present, together with a few pieces of 
straight hollow siliceous spicatse, one specimen of a minutely 
granular spine or seta, with a distinct medullar portion like some 
previously noticed, and .026 m. m. in diameter, and one of a 
portion of a body like that previously referred with doubt to an 
Echinoderm spine. 

In inquiring as to the derivation of the various organic bodies 
in the clays, it is necessary to consider the situation of each lo- 
cality with reference to known areas of the older rocks from the 
disint^ration of which they may have come. The Sporangites 
so abundant in the Chicago clays have been definitely traced to 
the shales of the Devonian age, and have doubtless been brought 
to their present position from outcrops to the northward in the 
Michigan peninsula. It has already been stated that the bodies 
supposed to be Annelid jaws may probably have been derived 
from the same beds, or from others of the Devonian or Silurian 
rocks of this part of the country. With regard to the remain- 
ing bodies no definite statement can at present be returned, 
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thoagh there is every reason to believe that they might very well 
have come from the same* rocks. 

In the clays from Bioomington^ in the centre of the state of 
Illinois, Sporangites are again the most charact-eristic bodies, 
thoagh much less numerous in correspondence with the greater 
distance from the shale outcrops. A few other objects associated 
with these are not dissimilar to those in the Chicago clays. 

Meeker county, from which the specimens of Minnesota boulder- 
clay were derived, is in the southern and central i)ortion of the 
state, and is underlaid, ac<M)rding to Prof. N. H. Winchell's map, 
by rocks of the Cambo-Silurian period.* As might be anticipated 
from the absence of Devonian rocks both in this locality and the 
whole region to the north and northeast, Sporangites have not 
been observed in this clay. While the greater part at least of 
the organisms are evidently referable to the Cretaceous rocks, 
the locality lies to the northeast of the generally recognized edge 
of that formation. Prof. Winchell has, however, proved the ex- 
istence of a number of outliers of Cretaceous beyond the main 
area occupied by these rocks, and it is probably from one of 
these, i)ossibly not remote from the actual position of the day, 
that the Foraminifera and RadiolarifiB have come. 

The clay from Crete, Saline county, Neb., is, as already ob- 
served, so rich in Cretaceous forms as to lead to the belief that 
it is largely composed of the debris of the chalky limestone of 
the Niobrara stage, and may rest upon or lie very near to the 
outcrop of these beds. I am not in a position to state whether 
the geology of the district bears out this conclusion. The map 
shows at least that Cretaceous rocks underlie this part of the 
state. 

The material from Eosenfeld, Manitoba, shows a smaller num- 
ber of forms, but these are equally characteristic of the Niobrara 
stage, the outcrop of which, though concealed by alluvial and 
other deposits, can not be many miles west of the position of the 
well, and also runs northward along the base of the Pembina 
escarpment, having been recognized at a point about fifty miles 
northwest of Eosenfeld on the Boyne river. ("Geology and 
Eesources of the 49th Parallel," p. 78.) As there is little proba- 
bility of the existence of any Cretaceous rocks directly north or 
to the northeastward of this place, the occurrence of Cretaceous 



* Dr. Dawson here is slightly in error as to the rocks anderlying Meeker coant j. So for as 
known thej are the crystalline rocks of the Archaean, probably overlain by the shales of the 
Cretaceous.— N. h. w. 



Digitized by VjOOQIC 



STATE GEOLOGIST. 161 

Foraminifera would tend to show that material derived from the 
northwest had been incorporated with the boulder-clay of this 
district. 

The three localities near the South Saskatchewan may be 
treated of together in so far as the origin of their organic con- 
stituents is concerned. The general movement of the material* 
composing the glacial deposits of the northern plains in a south- 
westerly direction has already been demonstrated (see * ' Quarterly 
Journal of the Geological Society, 1876,- ' p. 605; *'Eeport of pro- 
gress of the geological survey of Canada, 1882-4," p. 139) and it 
would appear that the Cretaceous Foraminifera must also have 
been carried from the vicinity of the eastern Cretaceous outcrops 
at a great distance. It is true that the clays here rest on Creta- 
ceous beds, but these are not as a rule calcareous, or such as to 
yield Foraminifera in the state of preservation of these found in 
the clays. The Niobrara limestones are not only unknown in 
the entire distiict from which the clays come, but their place 
appears to be taken in this region by the Belly river beds, which 
are arenaceous and argillaceous. Other organic fragments pres- 
ent in these clays may well have been derived from the Creta- 
ceous or Lamarie beds of the immediate neighborhood. 

In reviewing the general bearings of the microscopical exami- 
nation of these boulder-clays, representing as they do a few 
points only, scattered over a wide area in the central portion of 
the continent, it would be unwise to endeavor to draw any very 
definite or too general conclusions. The field appears to be a 
promising one for future inquiry, and the present paper can be 
regarded only as in the restricted sense, preliminary. It would 
apx>ear, however, that of all the organic bodies met with none 
can be assigned with certainty to the glacial period or era of 
dei)08ition of the boulder-clay itself. The origin of most can be 
traced unequivocally to the older rocks, from which they have 
been derived, and incorporated with the boulder-clays. Of all 
the bodies enumerated the only ones which, on account of their 
presence in clays, holding otherwise different sets of forms, may 
possibly be of contemporaneous origin with them, are siliceous 
sponge (t) spicules and the peculiar spines or setae several times 
referred to in the foregoing. To these may be possibly added 
the Astracoda from the Chicago clay. While it is therefore 
probable that the examination of these organic fragments will 
serve to throw additional light on the direction of transport of 
material during the Glacial period — a point of particular value 
21 
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over the wide area of the plains, where the soft character of the 
rock precludes the test of direction of striation — it has so fax 
failed to afford any certain information as to the actual condi- 
tions prevailing during that period. The n^^ive evidence, 
reinforced by the fact that derived bodies have been perfectly 
preserved, so far as it goes, leads to a belief in the great scarcity 
of contemporary life. The occurrence of inter-glacial peats and 
the induration of wood and other vegetable matters in the bonl- 
der-clays of a number of widely separated localities in the west 
(see *' Vegetable remains in drift deposits of the Northwest," by 
Prof. N. H. Winchell, Proc. A. A. S., 1876; *^ Report of Prog- 
ress of the Geological survey of Canada, 1882-4," p. 144) prove, 
however, that life was not constantly absent, and it may there- 
fore reasonably be anticipated that further search will event- 
ually lead to the definition in the cla3rs of at least such contem- 
I)orary organisms as may have been derived from these 
inter-glacial deposits, and possibly of others strictly contempo- 
raneous with the boulder-clays themselves. The well-rounded 
character of a considerable proportion of the sand in some of the 
specimens points to prolonged water action, but there is no 
means of deciding to what extent in each case previously 
rounded sand grains have been included in the clajrs. The com- 
paratively unworn appearance of the majority of the Foramini- 
fera and other delicate objects, on the contrary, indicate, rather 
tranquil conditions of deposit, and negatives the occurrence in 
the ease of these materials of any extensive differential motion 
in the substance of the clay itself, which would infallibly have 
destroyed these very fragile organisms. Mr. Hugh Miller, in a 
carefully marked out paper on ** Boulder glaciation" (''Royal 
physical society, Edinburgh," vol. viii, p. 157), describes a 
fluxion structure in the Scottish till or boulder-clay, and notes 
instances of sand grains so shaped and striated as to represent 
microscopic glaciated boulders which he conceives to have been 
*'8lidden along and glaciated in these places in the clay." No 
confirmation of this observation is afforded by these clays. 
Though many grains of an elongated shape show what might at 
first be taken for such striation, it is apparent in almost every 
case on close examination that the lines are really structural and 
that the shape of the grains is here, as in ordinary sands, gov- 
erned to a great extent by the pre-existing cleavage or jointage 
planes of the material of which they are composed. 
The microscopical examination of these boulder-clays hears 
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out the oonclasion arrived at from their microscopic character, 
that, while largely composed of far-traveled material, they in- 
variably contain a considerable proportion of material of local, 
or proximately local, origin. 
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XX. 



ON THE FORAMINIFERA OF THE BOULDER-CLAY, 

TAKEN FROM A WELL-SHAFT 22 FEET DEEP, 

MEEKER COUNTY, CENTRAL MINNESOTA. 

BY A. -WOODWARD AND B. W. THOMAS. (JULY 1, 1885.) 

[Note. — In the coarse of Mr. Thomas' investigatioii of the rhizocarps of ihe 
Devonian shales foand in the Chicago boulder-day, several years ago, he made 
a request for samples of boulder-clay from Minnesota, for comparison. About 
that time Mr. Dickson, living a few miles southwest from Litchfield, in Meeker 
county, who was sinking a common well for domestic purposes, on his farm, 
had found numerous fragments of Cretaceous lignite in the blue till into which 
he was sinking his well. These pieces attracted attention, in the public press, 
as indications of *' coal.*' Thereupon Mr. Dickson, through the agency of At- 
torney J. N. Cross, of Minneapolis, sent me a lot of it, accompanied by a fair sam- 
ple of the boulder-clay itself. This boulder-clay contained not only other pieces 
of lignite, but nuiny bits of shale such as has been referred to the Cretaceous 
formation whenever seen in similar circumstances anywhere in the state. These 
were sent to Mr. Thomas. Subsequently much more ehale was obtained at the 
same place and forwarded to Mr. Thomas. The microscopic fossils that Mr. 
Thomas has thus brought to light, and which are described, named and illus- 
trated in the following paper by Messrs. Woodward and Thomas, are therefore 
fossils of the Cretaceous formation, and are not indigenous to the boulder-day 
itself. The paper might be entitled, correctly. The foraminifera of the CreUg- 
ceouSf since these bits of shale can be referred, without any doubt, to the Cre- 
taceous, which is known to underlie large areas of the till in that part of t^e 
state, and since similar fossils have been found in the Cretaceous shales, in 9Uu^ 
by Dr. G. M. Dawson, in the escarpment of Pembina mountain, in Manitoba, 
(Canadian Naturalist, new series, vol. vii, p. 252). Still later a quantity of 
Cretaceous shale, much more calcareous, and referable to the Niobrara, of Meek 
& Hayden, was obtained at Redstone, New Ulm, through Mr. B. Juni, and 
sent to Mr. Thomas for a similar examination. 

Through the intelligent co-operation and zeal of Mr. Thomas, united with 
the labor and skill of Mr. Woodward, in examining and illustrating these ob> 
jects, an entirely r ew field of research is opened op to the geologists of Minne- 
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aotft. Mr. Thomas has mounted all these objects for microscopic study , and 
has marked most of the forms on the slides with Maltwood numbers, and Mr. 
Woodward has drawn up the paper, which sets forth the result of their joint 
labor. It is to be hoped that this field may be farther searched, and that a 
fnll account may finally be given of the entire microscopic fauna of the Creta- 
ceous.— -N. H. WiNCHELL.] 



The main object of this paper is simply to give some idea of 
the varions forms of foraminifera to be foand in the boulder-days 
of Minnesota. We do not pretend that it is by any means a 
monograph or a perfect and complete paper, for we think from 
what observations we have made, and the number of species 
found from comparatively one or two localities, that a much full- 
er and more extensive paper could be written. But it cannot 
be done in a limited time, and it will require material from a 
great many localities, and several years of labor. 

As it is we have been very successful, far beyond our expecta- 
tions, considering the small amount of material at hand, from 
which we have prepared a large number of slides, selecting about 
eighty for this investigation, and by using a one-fifth objective 
we have identified the following species: 

Textularia globulosa, Bhrenberg. Common. 

T — agglutinans, d'Orbigny. Not common. 

T — turris, d'Orbigny. Bare. 

Spiroplecta Americana, Ehrenberg. Bare. 

Ckiudryina pupoides, d'Orbigny. Quite rare. 

Bulimina pupoides, d'Orbigny. Bare. 

Bolivina punctata, d'Orbigny. Bare. 

Uvigerina canariensis, d'Orbigny. Bare. 

Globigerina buUoides, d'Orbigny. Quite rare. 

6 — cretacea, d'Orbigny. Common. 

Q — marginata, Beuss. Quite rare. 

Lagena favoso-punctata, Brady. Common. 

Orbulina uni versa, d'Orbigny. Very common. 

Operculina complanata, Defrance, sp. Bare. 

O — complanata, var. 

granulosa, Leymerie. Bare. 

The material washed from the boulder-clays is at least 95 per 
cent sand, and the shells being in most cases filled solid with 
foreign matter, generally calcite, cannot be separated from it by 
drying, and scattering over distilled water, as we do recent fo- 
raminifera. Consequently it requires much work, time and 
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patience to secure a few good sx>ecimens of these interesting fos- 
sils. 

These we have endeavored to figure and describe, giving the 
synonyms, and when possible using the original descriptions. 

Sub-Kingdom PROTOZOA. 

Class BHIZOPODA. 

Order Reticularia. 

(Foraminifera.) 

TEXTIJLARID^. 

Sub-Family I. — textularin^.. 

Textularia, Defrance. 

Textularia tL^oXnA^^BSL^ Ehrenberg. 

(Platelll, figs. 1-5.) 

Textularia globulom, EHBENBERG. Abhand. Akad. Berlin. (1838) 1839. pi. iy. 
Tejiularia globulosa^ DAWSON, 1874. Can. Nat. vol. tU, p. 253, fig. a. 
Textularia globuloaa, SOHABDT, 1884. Etndee Geol. Bar. le Pays— D'Enbaat. 
BqU, Soc, Yaud., vol. xx, p. 74. 

^* T. — globtUosa, teetula microscopica superficie leevi, in adulta 
longiore quam lata, articulis globosis.'' (Ehrenberg. (1838) Ab- 
hand. Akad. Berlin, p. 136.) 

T. — globiUosttj microscopic test with a smooth surface, adult 
forms longer than wide, with spherical or globular chambers. 

Locality. Meeker county, Minn. 

The species being generally distributed throughout the west. 
Is quite common in the boulder-clays of central Minnesota, also 
in the Cretaceous of Nebraska and Dakota. 
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Textulaiia asslutliiaiis, d'Orbigny. 

(Plate III, figs. 6, 7.) 

Tejetularia agghUinans^ D'OBBIGNY, 1839, Foram. Cuba, p. 144, p]. i, figs. 17, 

18, 32-34. 
Textularia aggluHnans, 8£GUENZA 1862, Atti deir Accad. Gisenia, vol. xviii, 

(ser. 2), p. 112, pi. ii, fig. 4. 
Plecanium sturi, KABBKB, 1864, Sitzangsb. d. k. Ak. Wise. WieD, vol. 1, p. 

704, pi. i, fig. 1. 
Textularia aggMinam, PABKEB and JONES, 1865, Phil. Trans., vol. civ, p. 

369, pi. XV, fig. 21. 
Plecanium agglutinans, BEUSS, 1869, Sitzungsb. d. k. Ak. Wiss. Wien, vol. 

lix, p. 452, pi. i, figs. 1, 2. 
Textilaria agglutinanB, MOBBius, 1880, Foram. von Manritins, p. 93, pi. ix, 

figs. 1-8. 
Textuiaria aggluiinam^ beady, 1884, Report Foram. H. M. S. Challenger. 
Zool., vol. Ix, p. 363, pi. xliii, figs. 1-3, vars. figs. 
4, 12. 
• 
Teodvlaria, Testa elongato-conica, rugoso-agglutinate, alba, 
lateraliter convexiuscula; postice cuneata; loculis largis, ultimis 
convexis; apertura semi-lunari. d'Orbigny (Foram. Cuba, p. 
144). 

Test elongate, conical, rugose, agglntinons (from grains of 
sand) white, laterally convex, posteriorly cuneate, segments 
large, the last convex, aperture semi lunate. 
Locality, Meeker county, Minn. 

Textulaiia funis, d'Orbigny. 
(Plate III, fig. 8.) 

Textularia turris, d*OBBiGNY, 1840, Mem. Soc. Geol. France, vol. iv, p. 46, pi. 

iv, figs. 27, 28. 
Textularia turris, PABKEB and JONES, 1863, Add., and Mag. Nat. Hist., ser. 3, 

vol. xi, p. 97. 
Textularia turria, BRADY, 1884, Report on Foram. H. M. S. Challenger. Zool., 

vol. ix, p. 366, pi. xliv, figs. 4, 5. 

'* Textularia turris is round in transverse section, elongate, and 
tapering. It diflfers from Textularia trochus chiefly in its greater 
proportionate length and its rougher exterior, as well as in its 
frequent irregularity of contour." Brady (loc. cit). 

Locality, Meeker county, Minn. 

We have been able so &kr to find but one specimen, while it 
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appears to be comparatively common in the Cretaceous beds of 
France, Bohemia, England and Ireland. 

Spiboplecta, Bhrenberg. 
Spiroplecta americana, Ehrenberg. 

(Plate III, fig. 9.) 

Spiroplecta atnericana, bhben., 1854, Mikrogeolgie, pi. xxxii, I. figs. 13, 14; 

II. fig. 25. 
SpiropUcia americana^ BRADY, 1884, Beport on Foram. H. M. S. Challenger. 

Zool., vol. ix. p. 376, pi. xlv, fig. 24, a. b. 

"The test is usually much compressed, and widens rapidly 
towards the distal end; the lateral edges are thin and slightly 
lobulated, the chambers somewhat inflated, and the septal lines 
correspondingly depressed on the exterior; the walls are thin 
and smooth.'' Brady (loc. cit). 

Locality, Meeker county, Minn. * • 

This species does not seem to be very widely distributed. 

The specimens figured by Ehrenberg were from the Cretaceous 
beds of Missouri and Mississippi.* 

Gaudbyina, d'Orbigny. 

Gaudrylna pupoldes, d'Orbigny. 

(Plate III, fig. 10.) 

Qaudryina pupoides, D*0RBIGNY, 1840, Mem. Soc. Geol. France, vol. iv, p. 

44, pi. iy, figs. 22-24. 
, Oaudryina pupoideSj Id., 1846, Foram. Foes. Vien., p. 197, pi. xxi, figs. 34-36. 
Oaudrffina subglabra, G UMBEL, 1868, Abh. d. k. bayer. Akad. Wiss., II. cl., 

vol. X, p. 602, pi. i, fig. 4. 
Qaudryina pupoides, bbady, 1884. Beport on Foram. H. M. S. Challenger. 

Zool., vol. ix, p. 378, pi. xlvi, figs. 1-4. 

^^ Qaudryina pupoides is an easily recognised species. Its dimorph- 
ous mode of growth is generally very apparent, and its variabil- 
ity is limited to such features as ttie number of segments, the 
relative length and breadth of the test, and the degree of lateral 
compression. In recent shells the walls are thin and calcareous, 
ismooth externally, and almost invariably of a greyish hue; fossil 
si>ecimens sometimes exhibit a slightly rough exterior. In form 



•Brad J. Btport on the Fttraminifera^ H. M. S. ChaUengtr, p. 176. 
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and position the aperture resembles that of the typical Textulnrue^ 
but it is often surrounded by a raised lip or borden." Brady 
(loc. cit.). 

Locality, Meeker county, Minn. 

Bullmlna pupoldes, d'Orbigny. 

(Plate III, fig. 11.) 

BuHmina pupoides, D^ORBIONY, 1846, For. Foes. YieD., p. 185, pi. xi, figs. 

11, 12. 
BtUimina pupoideSy WILLIAMSON, 1858, Rec. For. Gt Br., p. 62, pi. y, figs. 

124. 126. 
BuUmina presli, var. pupoides, PABKER and jonbs, 1862, Introd. Foram. 

Appendix, p. 311. 
Btdimina pupoides, tebbigi, 1880, Atti delP Accad. Foot., ann. xxxiii, p- 

193, pi. ii, figs. 30-34. 
Bulimina pupoides, BRADY, 1884, Report on Foram., H. M. S. ChalleDger. 

Zool., vol. ix, pp. 400, 401, pi. 1, fig. 15, a. b. 

Shell oblong ; obtuse, especially at the inferior lateral surface; 
composed of numerous segments, arranged in an indistinct spiral, 
and exhibiting a tendency to form three oblique vertical rows; 
8^ments remarkably ventricose and prominent; the anterior 
one usually more oblong than the rest, from its anterior part not 
being embraced, as all the preceding ones, by the next segment. 
Septal plane convex; semilunar. Septal orifice single, placed 
near the umbilical border of the septal plane, and usually char- 
acterized by a curious obliquity at its inner part, owing to the 
two lipis of the orifice not meeting at their umbilical extremities, 
but passing one behind the other. Texture hyaline; transpar- 
ent; when examined, after being mounted in Canada balsam, 
through a high power, it is seen to be perforated by innumerable 
minute foramina. Williamson's Recent Foraminifera Gt.Br. p. 62. 

Locality, Meeker county, Minn. 

Sub-Family 2. — bulimini^. 

BoLiviNA, d'Orbigny. 

Bollvina punctata^ d'Orbigny. 

(Plate III, fig. 12.) 

BoUvina punctata, D'OBBIONY, 1839, Foram. Amer. Merid., p. 61, pi. riii, 
figs. 10-12. 

22 
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Bolivina antiqua, Id., 1846, Foram. Fo^s. Vien., p. 240, pi. xiv, figs. 11-13. 
Orammostomum polysHgma, BHBENBBBG, 1854, Mikrogeologie, pi. xiz, fig. 84. 
<}rammo9tomwm caloglo8$a, EHBENBERQ, Ibid. pi. xxv, figs. 17, 18. 
Jhlivina punctata, BBADY, 1864, Trans. Linn. Soc. Lond., vol. xxIt, p. 468, 

pi. xlyiii, fig. 9, a, b. 
Bulimina presli, var. (Bolimna) punctata, PABKEB and JONES, 1865, Phil. 

Tirans., vol. civ, p. 376, pL xviii, fig. 74. 
Bolivina dongata, H ANTRA, 1875, Mittbeil. Jahrb. d. k. nng. geol. Anstalt, 

vol. iv, p. 65, pi. vii, fig. 14. 
Bolivina antiqua, TBBBIOI, 1880, Atti delP Acad. Pont., ann. xxxiii, p. 196, 

pi. ii, fig. 40. 
Bolivina punctata, moebius, 1880, Foram von Maoritins, p, 94, pL ix, figi. 

9, 10. 
Bolimna punctata, BBADY, 1884, Report on Foram. H.M.S. ChalleDger. Zool., 

vol. ix, p. 417, pi. Hi, figs. 18, 19. 

B. testa elongata, compressa, conica, antioe obtusa, postice 
acuminatea, alba, punctata, lateraliter snbcarinata; locnlis na- 
merosis, obliqois, nndulatis, ultimo obtoso; ax>ertnra slmplici. 
D'Orbigny (Foram. Amer. Merid., p. 63). 

Test elongated, compressed, conical, obtuse, anteriorly, acum- 
inated posteriorly, white, punctate, sub-carinate on sides, with 
numerous oblique undulate segments, the last obtuse, aperture 
simple. 

Locality, Meeker county, Minn. 

Sub-Family 1. — lagenin^. 
Lagena, Walker and Boys. 
Las^na favosa-punctata, Brady. 

(Plate IV, figs. 32, 33, 34, 38.) 

Lagena favoso'pundata, BBADY, 1881, Qoart. Joum. Mic. Sci., vol. xxi, N. 8. 

p. 62. 
Lagena favoao^unctata, BBADY, 1884, Report on Foram. U. M. 8. Challenger. 

Zool., vol. ix, pi. Iviii, fig. 35, pi. lix, fig. 4, pi. Ixi, 

fig. 2. 

'*Test ecto-or ento-solenian, shape variable; surfttce areolated 
or reticulated, with a conspicuous orifice or perforation in the 
middle of each area or depression. Length T^th inch (0.34 
mm.) or less." Brady (loc. cit.) 

Locality, Meeker county, Minn. 
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Sub-Family 3.— polymorphhon^. 

UviGEBiNA, d'Orbigny. 

llvlserina canariensls, d'Orbigny. 

(Plate IV, fig. 37.) 

*' Tests' pineiformes minuscuIaB,'^ 80LDANI, 1798, Testaceographia, vol. ii, p. 

18, pi. It, figs. E, F, G, H. 
UvigeHna nodosa, Ttr. B, D^OBBIONY, 1826, Ann. Sci, Nat, vol. vii, p. 269, 

No. 3. 
Uvigerina canariensis, Id. 1839, Foram. Canaries, p. 138, pi. i, figs. 25-27. 
Uvigerina tcinufa, D^OBBlONY, 1846, For. Foes. Vicn., p. 189, pi. xi, figs. 

21,22. 
Uvigerina irregularis, BBADY, 1865, Nat. Hist. Trans. Northd. and Durham, 

vol. i, p. 100, pi. xii, fig. 5. 
Uvigerina proboecidea, 6CHWAOEB, 1866, Novara-Ezped., geol. Theil, vol. p. 

250, pi. vU, fig. 96. 
Uvigerina farinosa, HANTKHN, 1875, Mi theil. Jahrb. d. k. ung. geol. Anstalt? 

vol. iv, p. 62, pi. vii, fig. 6. 
Uvigerina canariensis, bbady, 1884. Report on Foram. H. M. 8. Challenger* 

Zool., vol. iz, p. 573, pi. Ixziv, figs. 1-3. 

U. testa oblongo-conica, punctata, albida; spira conica, an- 
fraetibos quinis minime conyexis; loculis convexis, per quamque 
spiram trinis; apertura rotunda; siphone brevi. d'Orbigny. 
(Foraminifera Canaries, p. 138.) 

Test oblong conical, punctate, whitish with a conical spire of 
five whorls slightly convex, segments convex, three to each whorl 
of the spire, aperture round, siphon short. 

Locality, Meeker county, Minn. 

GLOBIGERINID^. 

Globigeeina, d'Orbigny. 

Globlgerina cretacea, d'Orbigny. 

(Plate III, figs. 14-16. II, fig. 19.) 

Olobigerina crelacea, D^OBBIGNY, 1840, Mem Soc. Geol. France, vol. iv, p. 34, 

pi. iii, figs 12-14. 
GMfigerina foveolaia (pars), EHRENBBHO, 1854. Mikrogeologie, pi. xxiv, fig. 

49. 
Olobigerina libani, BHBENBEBo, Ibid., pi. zzv, fig. 30. 
Planulina paehyderma, Id., Ibid., pi. xxv, fig. 31. 
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Batalia pertusay Id., Il^id., pi. xxiv, fig. 41. 

Ratalia aspera, Id., Ibid., pi. xzvii« figs. 57, 58, pi. xxviii, fig. 42, pi. xxxi, 

fig. 44. 
Boialia globttloaa. Id., Ibid., pi. xxvii, fig. 60, pi. xxTiii, figs. 40, 41, pi. 

xxxi, figs, 40, 41, 43. 
Botalia densa, Id., Ibid., pi. xxrii, fig. 62. 
Rotalia quatemoy Id., Ibid., pi. xxvii, fig. 53, pi. xxviii, fig. 34. 
Botalia rosa. Id., Ibid., pi. xxvii, fig. 54. 
BotaUa pachyomphalOy Id., Ibid., pi. xxvii, fig. 55. 
Botalia traeheotetras^ Id., Ibid., pi. xxvii, fig. 35. 
Botalia perforata^ Id., Ibid., pi. xxviii, fig. 36, pi. xxix, fig. 2. 
Botalia protacmceay Id., Ibid., pi. xxviii, fig 37. 

Botalia laxa, Id., Ibid., pi. xxviii, fig 38, pi. xxix, fig. 1, pi. xxxi, fig 42. 
Botalia centralia, Id., Ibid., pi. xxviii, fig 39. 
Qlobigerina cretacea, BBADY, 1879. Quart. Jonrn. Micr. Sci., voL xix, N. S., 

p. 285. 
Qlobigerina cretacea^ BBADY, 1884. Report on Foram. H. M. S. Challenger. 

Zool., vol. ix, p. 596, pi. Ixxxii. Fossil spedmeos, fig. 

11, a -c. 

^^Test rotaliform, much compressed; superior £stce flattened or 
only slightly convex, inferior side depressed towards the centre 
and excavated at the nmbilicus, periphery obtuse and lobulated; 
composed of about three tolerably distinct convolutions, the outer 
most consisting of from five to seven segments; segments relatively 
small, subglobular; apertures opening into an umbilical vesti- 
bule. Diameter, ^th inch (0.5 mm.)'' Brady (loc. cit.) 

Locality, Meeker county, Minn. 

This species is very abundant in the boulder-clays of Minne- 
sota, but the specimens we examined were quite fragmentary; 
perfect examples rare. 

Globlseiina buUoldeSy d'Orbigny. 

(Plate III, fig. 13.) 

''Polymorpha Tuherosa et Olobulifera,^* S(»LDANI, 1791, Testaceographia, voL 
i, pt. 2, p. 117, pi. cxxiu, figs. H, I, O, P. 

Testa tuberosm^ etc., Id., 1798. Ibid., vol. ii, p. 20, pi. vi, figs, dd., ec. 

OloHgerina buHoides, d'obbioky, 1826, Ann. Sd. Nat, vol. vii, p. 277, No. 
1. — Modeles, No. 17 (young), and No. 76. 

Qlobigerina huUoides, Id., 1839, Foram. Amer. Merid., p. 37. 

Qlobigerina buOoides, Id., 1839, Foram. Oanaries, p. 132, pi. ii, figs 1-3, Sa 

Qlobigerina hirauta, Id., Ibid., p. 133, pi. ii, figs. 4-6. 

Qlobigerina aiphonifera, Id., 1839, Foram. Cuba, p. 95, pi. iv, figs. 15-18. 

Qlobigerina buUoides, Id., 1846, For. Foss. Yien., p. 163, pi. ix, fii^s. 4-6. 
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GMrigerina concinna, BSUS8, 1849, Denkscbr. d. k. Akad., Wias. Wien., vol. 

i, p. 373, pi. xlvii, fig. 8. 
Qlobigerina diplwdoma, Id., Ibid., p. 373, pi. xlvii, figs. 9, 10. 
GMrigerina deprefsa, ehbenbeso, 1854, Mikrogeologie, pi. xix, fig. 92. 
Glotrigerina foveolata (pars), Id., Ibid., pi. xxii, fig. 74. 
GMrigerina creix, EHBENBEBO, 1854, Mikrogeologie, pi. xxvi., fig. 44; — pi. 

XXX, fig. 38. 
Glotrigerina stellaia^ Id., Ibid., pi. xx\i, fig. 45. 

Glotrigerina tenuUa, EHBSNBSBO, 1854, Mikrogeologie, pi. xxxv 6., figs. 5, 6. 
Planulina poroteras^ Id., 1854, Ibid., pi. xx, II. fig. 16. 
Planuiina pertusa, Id., Ibid., pi. xxii, fig. 75. 
Planulina sligma, Id., Ibid., pi. xxv, fig. 29. 
BotaUa rudis, Id., Ibid., pi. xxiv, figs 35, 36. 
RoUUia leptoepira^ Id., Ibid., pi. xxiv, fig. 39. 
BotaHa aenaria (pars), Id., Ibid., pi, xxiv, fig. 40. 
Ptggo$t4>mum orphei^ Id., ILid., pi. xxxv, B, figs. 1, 2. 
Phanero9iomum aUanticum, Id., Ibid., pi. xxxv, B., figs. 3, 4. 
Glotrigerina huUoides, Kt'BLBB and zuiXGLi, 1866, Neujahrsblatt, v. d. Bar- 

gerbib. in Wintertbar, pt. 2, p. 22, pi. iii, figs. 30, 31. 
Glotrigerina taminensia, Id., Ibid., p. 24, pi. iii, fig. 26. 
GMrigerina bulloides^ OUMBBL, 1868, Abb. d. k. bayer. Akad. d. Wiss., II. 

cl, vol. X, p. 661, pi. ii, fig. 106. 
Glotrigerina alpigena (/), Id., Ibid., p. 661, pi. ii, fig. 107. 
GMrigerina eocsena, Id., Ibid., p. 662, pi. ii, fig. 109. 
Planulina fnauryana^ EHBEKBFBG, 1873, Abhandl. d. k. Akad. Wiss. Berlin 

(1872), p. 388, pi. iii, fig. 1. 
Planulina glotrigerina ^ Id., Ibid., p. 388, pi. iii, fig. 3. 
Planulina megdlopentas^ Id., Ibid., p. 388, pi. iv, fig. 7. 
Pylodexia platyletras, Id., Ibid., p. 3^8, pi. iii, fig. 14. 
Aristero9pira omphaMetras, Id., IMd., p. 388, pi. iii, fig. 15. 
Glotrigerina detrita^ tbvquem, 1875, Anim. snr la Plage de Dankerque, fasc. 

i, p. 31, pi. iv, fig. 4. a-c. 
Glotrigerina tmUoides. TEBQUEM, 1875, Anim. snr la PJago de Dnnkerqne, fasc. 

i, p. 31, pi. iv, fig. 5, a. b. 
Glotrigerina bulloiden, BBADY, 1879, Qoart. Jonrn. Mier. Sci., vol. xix, N. S., 

p. 71. 
Glotrigerina huUoideSf bbadt, 1884, Report on Foram. H. M. S. Cballenver. 

Zool., vol. ix, p. 593, pi. Ixxix, figs. 3-7. 

**Te«t spiral, snbtrochoid; superior face cx)iivex, inferior more 
or less convex but with deeply sunken umbilicus, periphery 
rounded, lobulated; adult specimens composed of about seven 
globose segments, of which four form the outer convolution; the 
apertures of the individual chambers opening independently 
into the umbilical vestibule. Diameter, sometimes Ath inch 
(0.63 mm.), but oftener much less." Brady (loc. cit). 

Locality, Meeker county, Minn. 
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Globlserina marglnatay Beuss. 

(PlatelV, figs. 20 22.) 

Romlina margimday BEUSS, 1845, Verstdn. bolun, Kreid, pt. i, p. 36, pi. xiii," 

fig. 47. 
BosaUna marginata, JONES, 1853, Ann. and Mag. Nat. Hiat., ser. 2, vol. xii, 

p. 241, pi. ix, fig. 7. 
Rosalina marginaia^ BEU88, 1854, Denkschr. d. k, Akad. Wiss. Wien, vol. 

vii, p. 69, pi. xxvi, fig. 1. 
DiscorUna margiviaia, Id., 1854, Sitzangsb. d. k. Akad. Wiss. Wien, vol. Hi, 

p. 12, No. 2. 
Olobigerina marginaia^ PARKER and jones, 1865, Phil. Trans., vol. civ, p. 367. 
Botalia margituUa^ oumbel, 1870, Siizongsb. d. k. bayer. Akad. Wiss., vol. 

ii, pp. 283, 287. 
Olohigerina marginala, BUEsa^ 1874, Das Elbethalgebirge in Sachsen, 2<^ 

TheU, p. 112, No. 2. 
Olobigerina marginata^ bbady, 1879, Quart. Jonrn. Micr. Sci., vol. xix, N. 

S., p. 74. 
Olobigerina marginata, BBADY, 1884, Report on Foram. H. M. 6. Challenger. 

Zool., vol. ix, p. 597, wood cat, fig. 17. 

^^Test rotaliform, much compressed; superior face convex, in- 
ferior face also convex but with a sunken umbilical recess, peri- 
pheral edge thin or subcarinate; segments numerous, five or six 
in the last convolution, the outer margin of each segment Ex- 
hibiting a well-marked narrow border; apertures opening into 
the umbilical vestibule. Surface of living specimens beset with 
spines. Diameter, Mh to j^^th inch (0.5 to 1 mm)." Brady 
(loc. cit). 

Locality, Meeker county, Minn. 

This species we are in some doubt about, it resembles so closely 
in some respects G-Unnceana^ while in others Pulvinulina inenhardiv, 
but the weight of evidence is in favor of G. iruirginata. Renss. 

Orbulina, d'Orbigny. 
Orbullna unlversa, d'Orbigny. 

(Plate IV, figs. 25-31.) 

*'Polymorpha Sphxnile fifre/f," SOLDANI, 1791. Testaceographia, vol. i, pt. 

2, p. 116, pi. cxlx, figs. I-N. 
Orbulina universal d'orbigny. 1839, Foram. Caba, p. 3, pi. i, fig 1. 
OrbvUina univeraa^ Id., 18.'i9, Foram. Canaries, p. 122, pi, i, fig. 1. 
MUiola (Monocpstis) nrcella EHRENBEBO, 1854, Mikrogeologie, pi. xxx, fig. i. 
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Mttidia spharula. Id., Ibid., pi. xxxi, fig. 1, a. b. c 

Orbulina granulata, var. atra, C08TA, 1856, Atti dell* Aocad. Pont., vol. vli, 

p. 116. pi. xi, fl«. 2. 
Orbulina granulata^ var. areoUUa, Id., Ibid., p. 117, pi. xi, fig. 4. 
Orbulina univena. Id., Ibid., p. 114, pi. xi, fig. 5. 

Orbulina univer9ay WILLIAMSON, 1858, Rec For. Gt Br., p. 2, pi. 1, fig. 4. 
OrbuUna pttiicUUaj TEBQUEM, 1862. Foramdn Lias, 2*^"^ mem., p. 432, pi. ▼, 

fig. 5. 
Gkbigerina {Orbulina) uHiveraa, owsN, 1867, Jonmal Linn. Soc., Lond., vol. 

ix, Zool., p. 149, pi. V, fig. 1. 
Giobigerina (Orbulina) ctnUinens, Id., Ibid., figs. 3, 4. 
Ghbigerina {Orbulina) acerosa, Id., Ibid., fig 2. 
Orbulina unitfersa, BBADT, 1859, Quart. Jonm. Micr. Soc., vol. xix, N. 8., 

p. 75. 
Orbulina univenay Id., 1884, Report on Foram. H. M. 8. Challenger, Zool., 

vol. ix, p. 608, plB. Ixxviii, Ixxxi, figs. 8-26, pi. Ixxxil, 

fig. 1-3. 

Generic character. Shell free, regular, spherical, hollow; per- 
forated by innumerable very minute foramina, visible only under 
a high magnifying power, septal orifice single, small, situate at 
some point on the periphery of the shell; without any marginal 
projection; often invisible.* 

Spec, char. Spherical; parietes minutely granular, of a pale, 
grayish-yellow hue. Texture finely arenaceous. Septal aperture 
small; normally round, but usually irregular, and sometimes en- 
tirely closed up by the inspissated gelatinous sarcode, so as to be 
invisible. Diam. -^ — ^.^ 

Locality, Meeker county, Minn. 

It is a very cosmopolitan si>ecies, being found very abundantly, 
both living and fossil. 

Several of the specimens figured by us seem to be covered with 
minute spines, as heretofore spoken of by other writers. 

Sub-Family 3. — nummulitin^. 

Operculina, d'Orbigny. 

Opercullna complanata^ Defrance, sp. 

(Plate IV, fig. 35.) 

''Operculum mimum,^^ PLANCUS, 1739, Coacb. Min., p. 18, pi. iii, fig. 1, 

A. B. C. 
Leniieuliles compUinata, DEFBAKCE, 1822, Diet. Sci. Nat., vol. xxv. p. 453. 



* WillianisoQ'B Recent Fbraminifera G, B. 1857. 
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LcnticulUes complanata^ BASTEBOT, 1825, Mem. Geol. Env. Bordeaux, pt. i, p. 18. 
Operculina complanata^ D^ORBIONY, 1826, Ann. Set. Nat., toI. yu, p. 281, pi. 

xiv, figs. 7' 10, Modele, No. 80. 
Operculina ammonea, LSYMKBIE, 1846, Mem. Soc. Greol. France, ser. 2, vol. i, 

p. 359, pi. xiii, fig. 11, a. b. 
OpercuUna compUmaUi^ BUTIMEYEB, 1850, Schweizer Nummnliten — ^terrain, p. 

108, pi. iv, fig. 56. 
Operculina arMca^ CABTEB, 1853, Jonrn. Bombay Br. R. Asiatic Soc, toL iv, 

p. 437, pi. xviii. 
Operculina hardici, d'abchiac and HAIMB, 1853, Descr. Anim. Foss, da groape 

nnmmulitiqae de I'lnde, p. 346, pi. xxxv, fig. 6, a. b. c 
Operculina complanata, PABKEB and JOKES, 1861, Ann., and Mag. Nat. Hist., 

ser. 3, vol. viii, p. 229. 
Operculina studeri, KAUFMANN, 1867, Geol. Beschreib. des Pilatus, p. 151, pi. 

ix, figs. 1, 2. 
Operculina marginaia^ Id., Ibid., p. 152, pi. ix, fig. 4. 
Operculina complanata, MOEBirs, 1880, Foram. von Mauritios, p. 104. 
Operculina catnplanala^ BEADY, 1884, Report on Foram. H. M. S. Challenger. 

Zool., vol. ix, p. 743, pi. cxii, figs. 3, 4, 5, 8. 

Opercallna complanata, var. granulosa, Leymerie. 

(Plate II, fig. 36.) 

Amphisteffina fleuriaun, D^OBBIGNY, 1826, Ann. Sci. Nat., vol. vii, p. 304, No. 

7 (name only), fide Renss. 
Operculina granulosa, LEYMEBIE, 1846, Mem. Soc. Geol. France, ser. 2, vol. i, 

p. 359, pi. xiii, fig. 12, a. b. 
Amphistegina fleuriausi^ BEU88, 1861, S tzongsb. d. k. Ak. Wiss. Wien, vol. xliv, 

p. 308, pi. i, figs. 10-12. 
OpercuUna irregularis, BBUSS, 1864, Deukschr. d. k. Acad. Wiss. Wien, vol. xxiii. 

p. 10, pl.i, figs. 17, 18. 
Operculina granulaia, oumbel, 1868, Abhandl. d. k. bayer. Akad. d. Wiss., II. 

cl., vol. X, p. 663, pi. ii, fig. Ill, a. b. 
Operculina var. granulosa, bbady, 1884, Report on Foram. H. M. S. Challenger. 

Zool., vol. ix, p. 743, pi. cxii, figs. 6, 7, 9, 10. 

As there seem to be some doubt and difference of opinion in 
regard to this species and variety, we will only undertake to give 
the generic description given by H. B. Brady. 

The test of the typical Operculina is a thin complanate disk, 
composed of three or four broad convolutions, symmetrically ar- 
ranged, and equally visible on both faces. The central portion 
of the disk is usually somewhat thicker than the outer whorls, 
and not unfrequently almost umbonate ; the earlier convolutions 
are more or less embracing, the later whorls evolute. The seg- 
ments are usually very numerous, of gradually increasing size, 
and typically very short in the direction of growth, as compared 
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PLATE I. 

PAOK. 

Fig. 6. Lingula calumet^ magnified four diameters. 

a, impreesion of the beak of the longer valve (concave). 
&, impression of the shorter valve (concave), c, convex 
sorface of a small specimen. <i, concave impre«ion of 
the longer (?) valve 65 

Fig. 7. Parcuioaruies (ar&en, natural size 67 
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with their width radially ; they are for the most part produced 
on a uniform plan, but near the finish are often irr^ular, both 
as to shape and size (PL cxii, figs 3, 4 and 6). The exterior is 
sometimes smooth ; but, more frequently, either the sutures or 
the sur^Ebce of the chambers, or both, are ornamented with exog- 
enous granules, papillse or tubercles, which, as a rule, are more 
strongly developed near the centre than on the later whorls ; and 
in the small, northern variety of the genus, the septal lines and 
periphery are distinctly limbate. The general aperture is a 
straight or slightly curved fissure at the inner margin of the 
final segment, close to the periphery of the previous convolution; 
but the test has frequently also a number of secondary orifices, 
in the form Of small circular pores on the fskee of the terminal 
s^ment. The septa are double, and the skeleton is furnished 
with a system of canals, the general features of which are anal- 
ogous to that of Nummulites. 

Locality, Meeker county, Minn. 
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XXI. 



NOTES ON THE MAMMALS OF BIG STONE LAKE 
AND VICINITY. 



BY C. L. HERRIOK. 

The region about lakes Big Stone and Traverse is interesting 
not only from a geological standpoint but in its faunaJ relations. 
We here find the approximate limit of several distinct iaunal 
areas and are not disappointed in expecting transitional forms 
and the material for deciding several interesting questions in 
sjinstematic zoology. It is not the present purpose to anticipate 
the remarks which may be offered upon this subject in the final 
rex>ort on the Mammals of Mmnesota, now approaching comple- 
tion and which will be submitted in September, 1885; but it may 
be interesting to offer a few facts, which will hereafter be given 
more in detail, in order to secure, if possible, the co-operation of 
collectors in accumulating additional data. We shall find, then, 
in the immediate vicinity of Big Stone lake, sx>ecies belonging 
strictly, first, to the plains of the far west, second, to the prairie 
region of the south and east, and third, to the woodland re- 
gions lying north and east. For example, we here find associated 
in seeming agreement such animals as the mole mouse of the 
plains, a variety of the common prairie Vesperimus michiganensi^ 
or Michigan mouse, the Sonora deer mouse (Vesperimus sonori- 
enms\ the red-backed mouse (Brotamys rutUus, gapperi\ the 
woodland Zapus hudsonius or jumping mouse, and, of late also, a 
fewf forerunners of the domestic mouse. 

The following list embraces all the mammals at present known 
to inhabit the district in question, with such notes as seemed 
worthy of record at this time: 
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1. Canis lupus, L. Wolf. 

2. Canis latrans, Say. Coyote. 

3. Yulpes vulg^ariSy Flem. Fox. 
4. Putorius lutreoluSy Guv. Mink. 

5. Taxidea americana, Bd. Badger (?). 

6. Mephitis mephitica, Shaw. Skunk. 

7. Liutra canadensis, Sabine. Otter (?). 
8. Procyon lotor, Storr Raccoon. 

9. Antilocapra americana, Ord. Pronged-horned antelope. 

The last occurrence of the antelope on the Minnesota side, of 
which I could learn, was in 1881, when one was shot six miles 
north of Brown's Valley, Traverse county. 

lO* Yespertilio subulatus» Say. Brown bat. 

In passing over the many granitic and gneissic masses which 
shoulder their way through the surrounding drift in the imme- 
diate valley of the Minnesota river a few miles below Ortonville, 
the ear is constantly filled with an uneasy clatter, shrill and tor- 
menting in the extreme, and proceeding from numberless bats 
passing the day in the crevices. It is not often easy to secure 
specimens, for, even if the hammer dislodges fragments of rock 
and destroy the retreat, the inhabitants take flight at once even 
in bright sunshine. 

11. Scalops argentatus, And. & Bach. Prairie mole (?). 
12. Sorex (cooperi, Baird ?). Western shrew. 

Shrews, which in the lack of a special study are referred to 
this si)ecies, are very abundant at Brown's Valley, and in winter 
are said to become in part domesticated, living about barns and 
out buildings, much as the domestic mouse (which is not yet 
found here) does in other places. 

13* Sciurus hudsonius, Pallas. Red eqnirrel (V). 

14. Tamias striatus, L. Chipmnnk. 

The ground squirrel occurs in the thickets along the lakes, but 
is not abundant. 
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15. Spermopliilus trideceiulineatUH* Mitch. 

The striped gopher is excessively abundant and in some sea- 
sons causes great havoc in the wheat as well as corn fields. It 
dwells on the prairie, while the next is equally abundant where- 
ever a denser growth of grass or trees furnisher it a suitable re- 
treat. 

16. Spermopliilus franklini. Sab. Gray gopher. 

This species was found in greater abundance near Brown's Val- 
ley than elsewhere in Minnesota. It is entirely without fear and 
will take a place at the camper's table if unmolested, partaking 
of fish or fowl with no manner of diffidence. 

17. deomys btirsariusy Shaw. Poached gopher. 

Our most earnest endeavors have failed in securing a specimen 
of Thomoniys in Minnesota, although we had reafion to expect its 
occurrence. The Geomys of Brown's Valley and Moorhead are 
typically the above species. 

18. Zapus hudsoniuSy Zim. Jumping moose. 

It was with considerable surprise that the first specimen of this 
species as yet seen in Minnesota was captured at Brown's Valley 
in an oasis of the prairie region. The specimen was so unsus- 
pecting that it was easily taken with the bare hand, and must 
have long lived in undisturbed quiet on the shores of lake Trav- 
erse. 

19. Mus musculiiSy L. Domestic mouse. 

A few specimens of a very yellow mouse, otherwise resembling 
the common mouse, were taken on the shores of Big Stone lake. 

20. VesperimuH sonoriensis, Le Conte. 

With some degree of surprise all the deer mice of the region 
in question were found to be in size and (less distinctively) col- 
oration identical with the Sonora mouse. Of a considerable 
series not one has a tail over 2.60 inches, or a hind foot over .87, 
while the prevailing measurement of the former is 2.40, and of 
the latter .70. The colors are lighter and less conspicuous than 
in the deer mouse, and the white parts encroach more upon the 
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dorsal area, while the brown portion of the tail is a narrow stripe 
only. Besides these diflferences, in the whole anterior portion 
the pelage is sifted over with whitish, giving it a grayish tinge. 

21* Yesperimus michiganensiSy And. & Bach. 

This sx>ecies, which in the eastern part of the state is not 
abundant, is the most common form along the npper course of 
the Minnesota river. It appears in a gray, almost varietal, 
phase quite different in appearance from the eastern examples 
of the same species. 

22. Onychomys leueogaster, var. pallidas^ var. n. 

A variety of the mole mouse hitherto undescribed is folly 
treated in the note at the close of this paper. 

23. Erotomys ratilas var. gapperi. Vigors. 

The red-backed mouse is by no means rare in the copses about 
the lakes and along the Minnesota river. 

[24-25. Both Arvicola avMerus, Le C, and Synaptomys cooperi^ 
Bd., must be found in the region mentioned, or not far from it, 
but no examples have as yet been found in Minnesota.] 

26. Fiber zibetliicus» L. Mnskrat. 

The musquash is nowhere more common than in the prairie 
IK>ols of the southwest. Were the fur of more than a nominal 
value the trapper would find profitable employment here. Upon 
the banks of the Minnesota river well beaten trails show where 
the animals leave the muddy banks where their dens are made, 
for the swamps adjacent. 

27. Lepus sylvaticusy Bach. Gray rabbit. 

This species is excessively abundant in the low ground along 
the upper Minnesota. 

28. licpus eampestriSy Bach. Prairie haie. 

Quite common in winter, but it is seldom seen in summer. 
Universally called ** jack rabbit." 

To the above list which is necessarily only fhtgmentary, is ap- 
pended a detailed description of OnyeJunnya pdUidus. 
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Genus Onychomys, Baird. 
MOLE MICE. 

This genus is of particular interest inasmuch as it contains 
three varieties of mice which, from their inaccessable station and 
secluded habits have seldom gained admittance to natural his- 
tory museums, or received the attention of naturalists. This in - 
terest is enhanced by the fact that the genus is evidently very 
closely allied to Vesperimvs but has developed in a direction en- 
tirely different from that group; and its species, externally and 
in habits, vary greatly from the deer mice. Fossorial prairie or 
desert animals living largely on insects might be exx>ected to 
differ greatly from such saltatorial and gramnivorous animals as 
Vesperimu^ contains. 

The mole mice are distinguished from their relatives by the 
compact arvicoline form, short tail and hind legs, well develoi>ed 
anterior extremities with fossorial claws, and the soft, mole-like 
character of the pelage. The hasty observer would refer the 
BjdmsA. to ArmcolincB rather than to the sigmodont Murince; indeed 
Prince ]tf aximilian, who was the first to meet the genus, referred 
the 0. leucogaster to Eypudoem. As we have specimens of none 
of the genus except 0. leuoogaster, var. paUiduSj the reader is re- 
ferred to the discussion of that variety for a description of the 
anatomical peculiarities. It seems that in view of the many 
points of divergence in structure and habits, there should be no 
hesitation in separating the mole mice generically from the 
Se^peromys. 

Onychomys leucogastery Maximilian. Miasonri Mole movae. 

SypudcBut Uucogaster^ Maximilian, Beise in das loDere Nord America, 1841. 
Mut miiiouriensU, audubom and bachmak, Quad. N. A.. 1851. 
Huptromyi (Onyehom^i) UueogaHtr, Baird, Mam. N. A., 18S7. 

CouBB, Proo. Acad. N. S. Phila., 1874; Monogr. N. A. Bo- 
deniia, 1877. 
Hetpercmy* Uucogattert Maximilian, Aroli. f. Natuig. xviii, 1862. 

The single sx>ecies thus far found under the genus Onychomp$ 
has differentiated into three more or less distinct geographical 
races or varieties. Of these but one is found in Minnesota, and 
that only upon the western boundary and a very short distance 
east of it. 

The typical form is stated to be restricted to the upper Missouri 
river r^on, and is described as follows: 

"Color above, grayish-brown, passing into yellowish-red, and 
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finally into a stripe of fulvous on the sides. Feet, including 
outer surface of the fore-arm and under surface of the body and 
tail, white." — Baird. 

^^ Beneath, snow-white ; above, mouse-brown, with darker dor- 
sal area. Tail twice the hind foot or less ; much less than half 
the head and body. Fore foot more than half the hind foot. 
Bar about .50 high." — (hues. 

''The chief distinguishing feature in coloration, as compared 
with Hesperomyg leucopuSj is the mostly white muzzle." — Oaues. 

The following measurements from No. 7,492, of the National 
Museum, are selected as fairly illustrating the proportions. Nose 
to tail, 4.25; tail, 1.65; hind foot, .88; fore foot, .50; nose to eye, 
.60; nose to ear, 1.00; ear, .50. The skull of a somewhat smaller 
specimen measured 1.07 (Coues). 

Onyehomys leucogaster, var. torridus» Cones, 

Was foundeduponasinglealcoholicspecimenfrom Arizona, which 
differs in having rather larger ears and tail, and smaller fore 
feet. The colors are warmer. The following is Dr. Coues' diag- 
nosis: 

'^Beneath, tawny- white (t); above, brownish-fulvous, with 
no darker dorsal area. Tail about two and a half times the 
hind foot ; almost half as long as head and body. Fore foot half 
the hind foot. Ear about .75 high." — Coues. 

Without discussing the characters on which this variety is 
founded, we may remark that in the only form which we have 
seen the proportional length of the tail and limbs was found to 
be subject to considerable variation, and that even while the ex- 
act i>attem of coloration was maintained. Coues gives the fol- 
lowing measurements of the specimen described : ' * Nose to tail, 
3.75; tail, 2.00; hind foot, .80; fore foot, .40; nose to eye, .50; 
nose to ear, .95; ear, .70. 

Onyehomys leucogaster, var. pallidus» var. n. 

This variety is based upon a series collected near the sources 
of the Minnesota river and the Bois des Sioux river in Dakota, 
which differs so completely in coloration from either of the above 
varieties as to be entirely incompatible with any description as 
yet given of O. leucogaster; while, at the same time, preserving 
the essential characters of the species. Upon first encountering 
the form while encamped on the shores of lake Traverse, the 
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irriter was at a loss to classify his find, for, in coloration and 
form, it entirely differed from any description or fignre known 
to him. It was at once set down as an Arvicola on the strength 
of its compact, obtnse form and bnrrowing habit, although the 
large ears and a certain vague suggestion in the appearance, 
hinted at Eesperomys. It was necessary to examine the teeth be- 
fore conviction was reached that we had to do with a hespero- 
moid tyi>e. The mole-like appearance and habit at last furnished 
memory with the clue, and we recognized our capture as Ony- 
chomys. 

It will be most satisfEU^ry to transcribe the description made 
in our diary from the recently killed specimen as being quite un- 
prejudiced by thought of comparison with other species. 

Description of No. 103, collected July 4, 1886. 

''Color nowhere other than black and white or a mixture of 
the two. Base of fur everywhere ashy gray. Above, black and 
white most intimately mixed so as to produce the effect of a 
whitish reflection from black fur, thus resembling a mole. On 
the sides the white tips are more numerous among the hairs 
so that the color is lighter, but the fhr is so fine that the pelage 
would not be called grizzled. Under parts very pure delicate 
white (soft looking) but sparsely sown with the black -tipped 
hairs. Soles hairy. Tail not distinctly bi-color.'' 

There is a dark ring about the eyes, the white of the lower 
parts embraces the lips to the nostrils and the muzzle is hoary. 
The lip is cleft and the fur about this cleft is long and hangs over 
like a moustache. The fur is close and dense about the small 
nasal pads. The insides and veins of the ears are silvery white. 

The tail is terete and very closely hairy except at the tip which 
is as naked as in Geomys, and is gradually reduced in size f¥om 
the middle to the apex. The vibrissee are unusually fine and 
long, reaching beyond the apex of the ear and are of uncertain 
color, really black, but so polished as to appear partly white. 
The sole is very densely covered with fine close hairs, and there 
are but four tubercles. The ears vary in length, but seem to be 
intermediate between the varieties above mentioned. 

0. pallidus burrows on the sandy prairies and seems to be 
largely diurnal in habit. We know little regai*diDg its habits, 
but, inasmuch as its stomach was found filled with the remains 
of grasshoppers and other insects, we are justified in claiming 
that the suggestion of a largely insectiorous diet offered by the 
dentition is borne out by actual observation. The coloration 
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rnngt be inflaenced by the constant exposure which a chase of 
diamal insects makes necessary upon the open plains; and the 
short and nearly naked tail ai*e suggestive of the fossorial habits. 
The following table gives all the details at command concern- 
ing the proportions; and, as all the measurements were made 
with great care upon recently killed specimens, may be trusted 
as thoroughly reliable. 



No. 


Noeeto 
anus. 


TaU. 


Noeeto 
ear. 


Noeeto 
eye. 


mod 

foot. 


Fore 
foot. 


Bar. 


Sex. 


103 
104 


4.60 
4.40 
3.95 
4.15 
5.10 


1.45 
1.85 
1.50 
1.60 
l.<0 


1.08 
1.00 
1.00 
.92 
1.20 


.60 
.55 
.50 
.50 
.60 


.90 
.90 
.80 
.85 
.90 


.55 


.60 
.50 


female, 
male. 


106 


.40 


male. 


114 




male. 


115 


.50 




male. 









Osteology of Onychomya paUidus. (No. 105.) 

We shall present our material in the form of a comparison of 
the skeleton with that of F. leacopus as the most typical and 
readily obtainable example of Vesperimus. While much resem- 
bling that of V. leucqpvsj the skull is heavier and less slender. 
The facial portion, particularly, is shorter and blunter. The 
cranial portion is more capacious and shows a greater develop- 
ment of the parietals. Greatest length, 1.40; width, .58; width 
across parietals, .53; length of nasals, .37; frontals, .31; parietals, 
•18. The nasals project less beyond the incisors. The prepala- 
tine foramen is much wider than in F. leucopu8. The molars are 
larger than in any VesperimuSj although the third pair are more 
diminutive than in the actually smaller F. lencopm. The teeth 
are peculiar, especially for their very sharp-pointed angular 
prominences, which project out far from the crown of the tooth. 
The pattern is the same, but the appearance presented is very 
different. The basis cranii is broader, while the proportion 
of the parts is otherwise scarcely different. Length of basi-oc- 
cipital, .16; molar series, 17; width of foramen magnum, .20. 
The lower jaw is chiefly remarkable for the great development 
of the coronoid process, which in Ve^erimus is a minute hook, 
but here is large and strongly curved, extending nearly as fieu* 
backward as the condyloid. The angle of the mandible is as in 
Ve^perimus. 

There are seven cervical, thirteen dorsal, six lumbar, three 
24 
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Bacral, and seventeen candal vertebr» — forty-six in alL The 
candal series measures 1.75, the sacral .36, the lumbar .70, 
and the dorsal about .90. The scapula is larger in propor- 
tion, in harmony with the greater development of the arm in 
general, but has the same form. Length, .54; width, .26. The 
humerus is .55 long, and is proportionately much heavier than 
in Ve^erinmSj but the superiority is more clearly seen in the 
forearm. The radius is .53 long, while the olecranon process of 
the ulnar is unusually strong. A general heaviness character- 
izes the bones of the hand. The hind limb is remarkable for the 
heavy and short bones comx>osing it. The femur is .70 long, the 
tibia .75, and the longest metatarsal .30, while in F. leucopm these 
parts measure .60, .80 and .35. In this species only .30 of the 
fibula is united with the tibia, while in F. le%icopm nearly .40 of 
its length is fused. We find, therefore, only a circumstantial 
confirmation of the view gained by external examination. 

NoTB.— MeasaremeDU all in inoheB and deeimals. 
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